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Abstract
This dissertation consists of three essays on the effects of intellectual property rights protection
on market structure and social welfare in the Indian pharamaceutical industry.
In contrast to pharmaceutical industries in the developed world, India had historically en-
forced a weak system of intellectual property rights protection that eliminated most legal bar-
riers to entry in its pharmaceuticals markets. As a condition of its membership to the World
Trade Organization, India became required to extend legal protection to all pharmaceutical
products by 2005.
The first essay analyzes the dramatic increase in the number of products released by domestic
firms in India in the period leading up to the 2005 deadline. Speculation in the media linked this
phenomenon to the imminent change in patent regime. The essay uses data on pharmaceutical
products being sold in India in combination with data on drugs patented internationally to
investigate the possibility that Indian firms launched products in the domestic industry as a
strategic response to the anticipated change implied by the WTO. Results of the estimation
do not provide conclusive evidence of strategic behavior by firms in markets where the patent
enforcement could affect the future profitability of domestic firms. The results suggest that
much of the increase in product launches was driven by the size of the market and the age of
the drugs in question. However, without more information on counterfactual current and future
profits, we cannot rule out strategic behaviour by domestic firms.
The second essay develops a structural model of demand, supply and entry and relates
the free entry setting of the industry during the sample period to two sets of welfare issues.
The model incorporates firm heterogeneity and product differentiation and backs out demand
and supply-side parameters for five key therapeutic categories in the industry. Results of the
estimation show that demand varies significantly across the therapeutic categories and that
firm heterogeneity is an important factor for both demand and entry costs. Counterfactual
simulations of the effect of entry by foreign firms into selected drugs find no evidence of socially
"excessive" entry; on the contrary, the simulations suggest large gains to consumers from the
addition of more firms, which would overwhelm the losses to producers and thus increase social
welfare. Simulations of the welfare effects of patent enforcement in India for four drugs that
were under patent protection in the US at the time show losses of over $1 million on average for
consumers in these markets and an average reduction in market size of approximately 35,000
patients. In comparison, the increase in profits of the global patent-holders for these drug are
estimated to range between $0.08 million and $0.5 million. These gains are modest, particularly
in comparison to the costs of global drug development that range between $200 million and
$300 million.
The third essay looks for empirical evidence of early-mover advantages for pioneering firms
in pharmaceutical products markets in India. The first half of the paper employs fixed effects
to control for unobserved heterogeneity. Estimates from this basic model suggest that an
earlier entry translates into positive gains for firms, in terms of both higher prices and higher
revenues. The second half of the paper tackles the sample selection issues arising from the
fact that firms choose their own orders of entry. A firm's order of entry into a market is
modelled as a continuous decision variable at the first-stage. The selection model then uses
the residuals from this first-stage to correct the sample selection bias at the second-stage. The
order of entry continues to have a strong effect on the price and revenue received by a firm,
with earlier entrants retaining larger long-term advantages. In particular, after accounting for
the endogeneity of entry, results suggest that the pure order-of-entry effect on revenue allows
the first entrant into a market to earn more than two times the revenue of the fifth entrant and
over six times the revenue of the tenth entrant.
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Chapter 1
Product Proliferation as a Strategic
Response? A Case Study of the
Indian Pharmaceutical Industryl
1.1 Introduction
This paper looks at the response of firms in the Indian pharmaceutical industry to an anticipated
change in patent regime. Given the critical role of innovation in the business of producing new
life-saving drugs, most developed nations provide strong incentives to their pharmaceutical
industries to undertake costly research and development. The incentives come primarily in the
form of patent protection for new therapeutic solutions that guarantee monopoly rights to the
inventor to produce the product for a pre-determined period of time, usually 20 years.
Until 1993, in India, as in several other developing countries, patent laws in the pharma-
ceutical industry applied to the process rather than to the product itself. The Indian Patent
Act, 1970 legalized 'reverse engineering' of drugs that are under patent as products throughout
the developed world. 'Reverse engineering' is a method of evaluation of a product in order
'I thank Glenn Ellison and Nancy Rose for their advice. I am very grateful to Margaret Kyle
for generously sharing with me the Pharmaprojects dataset used in this paper; Tina Khadloya
and Gauri Pathak of ORG-IMS for data assistance; participants at the MIT Development lunch
for useful comments; and the MIT George C. Shultz Fund for financial support.
to understand its functional aspects and underlying ideas and this technique may be used to
develop a similar (or, even identical) product.
A major policy intervention in this system of patents came in 1994 in the form of the Agree-
ment on Trade-related Intellectual Property Rights (TRIPs) finalized during the Uruguay
Round of multilateral trade negotiations, which culminated in the formation of the World
Trade Organization (WTO). According to the TRIPs Agreement, nations must, as a condition
of their membership in the WTO, recognize and enforce product patents in all fields of tech-
nology, including pharmaceuticals. Because of the magnitude of this change, most developing
countries were entitled to transitional periods before they start to grant patents - in India's
case, the patent regime was to start in 2005. An important provision in the TRIPs Agreement
preserved the novelty of drugs that were invented between 1995 and the end of the transitional
periods in any of the WTO member countries. Developing countries had to have a system, often
referred to as a "mail-box" system, to store patent applications from 1995 until the transitional
period expires. At the end of the transitional period, the various patent applications waiting
in the "mail-box" will be examined according to the TRIPs standards. If granted, the patent
term, which starts from the filing date, would last for what remains of the 20 years. For India,
the signing of the TRIPS agreement implied shifting from a patent regime that granted only
process patents to one that, by January 2005, must provide for product patents for a period of
twenty years.
Of all fields of technology and trade covered by the TRIPS Agreement, no area was more
controversial than pharmaceutical products markets. The intensity of the debate over product
patents for pharmaceuticals owed itself to the critical nature of the products at stake. While
its critics and proponents argued over the potential long-term consequences of the new product
regime, there was fairly unanimous agreement that treaty would create two groups of losers in
the short run, the Indian consumers and the domestic Indian firms.
Much of the debate surrounding the change to a system of product patents has focused
on the impact of such a change on domestic consumer welfare. Chaudhuri, Goldberg and
Jia (2003) estimate a model of demand for a category of drugs where some molecules were
still under international patent protection during the sample period and find substantial static
welfare losses for consumers from increased prices and decreased product variety if domestic
_1_1_ _· ·_ ___ _I·~L
firms withdrew their brands of the same molecules.
In India, the TRIPS debate has also focussed on the question of the fate of Indian firms. The
1970 Patent Act became the instrument that made it possible for the domestic pharmaceutical
industry to expand rapidly. Well-equipped with technological expertise, Indian scientists and
businesses seized the opportunity provided by the Patent Act to 'reverse engineer' on thera-
peutically innovative drugs discovered elsewhere, and launched them in the domestic market as
well exporting them to other countries with similar gaps in their patent cover. On the other
hand, the Patent Act had precisely the opposite effect on the global pharmaceutical companies
who found little or no incentive to operate in an environment that exposed their new on-patent
drugs to intense competition. While in 1970, 80% of firms in the Indian pharmaceutical in-
dustry were of foreign origin, by 1980 -ten years after the Indian Patent act was passed - this
number had dropped to 50%. By 1993, this figure had dropped further to 39%.
The direct effect of the TRIPS Agreement on domestic Indian firms is a reduction in the
set of product launches that these firms can make in the domestic market as compared to
before. The huge costs involved in conducting clinical trials and launching a new drug had
prompted Indian firms to depend on their international peers to undertake the more expensive
clinical trials and. also allowed Indian pharmaceutical companies to mitigate the risk involved
in new drug discovery. The fact that the evolution of the industry was on based entirely on the
practice of the reverse engineering of drugs that were developed and patented elsewhere meant
that R&D facilities in the industry were extremely poorly developed at the time of the TRIPs
Agreement. The average R&D spending in India for the industry, as a whole was a meager
1.6% of sales in 2003. While the spending on R&D of the top five domestic firms has risen to
6% in recent times, this figure is still significantly below the average of 15% to 20% of sales that
is incurred by global pharmaceutical companies on R&D expenditure.
The expectation is that Indian firms will try to survive in the industry by focusing on off-
patent drugs. However, the new patent regime will prompt the return of a large number of
global pharmaceutical firms to India. This, in turn, will mean that the domestic firms have to
gear up to face more intense competition in the domestic market, even for off-patent drugs.
The Indian firms' ability to reverse-engineer on-patent drugs in the West and sell these
in the domestic market while they were still under patent in the West allowed them to enter
Western export markets very quickly after patent expiry of the drugs in those countries. A final
negative consequence of the compliance with international patent laws is that domestic Indian
firms will lose their comparative advantage in the generics export market.
As the product patent regime drew closer, industry observers pointed to the changing nature
of competition in the domestic industry. In the four years between 2000 and 2003, the Indian
pharmaceutical industry saw a dramatic increase in the number of products that were launched
by firms. This trend involved both the extension of existing product lines by firms within
specific molecules, as well as new entry by firms into molecules that they were not present in
before.
In June, 2000, a leading Indian daily, The Hindu, observed that "Due to the country's
obligations as a World Trading Organization member, Indian companies have till 2005 to prepare
for a new patent regime... One consequence of the expected change is that bigger Indian companies
are now launching drugs across therapeutic segments at a furious pace. The reason seems to be
that Indian companies are keen on being present in as many therapeutic segments before they
run out of the opportunity to duplicate new drugs". An October 2003 article in the Business
World reported that "Price undercutting and mindless launches - both triggered by the imminent
product patents regime in 2005 - took their toll. "Rampant price reductions have rendered price
an inactive instrument in creating value growth, " says Gauri Pathak, senior manager at A CN
ORG-Marg. For example, in antibiotics, the single-largest therapy group, sales fell by 3%,
though volumes grew by 7% ". Similarly, according to a news piece on the Indian pharmaceutical
industry on Rediff.com in November 2003, "As the window of opportunity to come out with
reverse-engineered drugs patented by overseas pharmaceutical majors closes on January 1, 2005,
when the new product patent regime comes into force, Indian drug companies have gone into a
product launch overdrive".
This paper attempts to relate some of the patterns in new product launches to the antici-
pated change in patent regimes, by using a dataset on product launches in the industry between
2001 and 2003, in combination with a data set that tracks all products patented internationally
between 1990 and 1998. While strategic entry cannot be ruled out, results of the estimation
suggest that much of the entry was driven by the size of the market and the age of the drugs
in question, with newer drugs attracting more new products.
1.2 Motivation
Media coverage of the sudden increase in activity and competition in the industry linked this
phenomenon to the imminent change in patent regime. A possible connection between the two
events is the use of product proliferation or preemptive entry as a strategy by domestic Indian
firms in response to the threat of entry by foreign firms. In equilibrium, a firms should use such
a strategy and take a cut in its current profit only if it can credibly commit to the strategy in
the future.
The primary threat of entry posed by foreign firms after 2005 comes from two main sources:
first, new foreign firms are likely to enter the Indian pharmaceutical industry because they
expect to introduce their newly invented drugs in Indian markets in the near future. This has
the direct impact of drawing demand away from substitute products that are currently being
sold by the domestic firms. However, when a global pharmaceutical major enters the industry
with a new drug in a particular class of drugs, it is likely to establish higher brand power within
that entire segment of drugs. If the foreign patent-holder produces other molecules that are
chemically related to its patented drug, this brand power could lead it to steal market share
away from domestic incumbent firms in these other off-patent drugs. The same brand power
would also make it harder for other domestic firms to later enter into such drug markets, once
the foreign firm has established a reputation in this segment. Second, conditional on entry,
foreign firms will likely enter the industry with a large part of their existing product line, which
will be in direct competition with the older off-patent products, currently produced in India by
domestic firms. While it is highly implausible that domestic firms could expect to successfully
prevent entry of a patented drug in the India, it is potentially possible for Indian firms to
attempt to strategically deter entry in older off-patent drugs or to strategically accommodate
entry by entering into molecules that are closely related to a patented drug before the foreign
firm is able to establish a strong reputation in such segments.
The following example demonstrates these points: suppose there are currently two molecules
A and B in a pharmacological group of molecules that are competitive with each other. If a
new molecule C is invented in this class of drugs after 1995, domestic firms expect the foreign
firm to enter this class of drugs. Suppose that the foreign firm also has drug B in its portfolio
and can market drug B very successfully in India because it is reputable as being the innovator
of the new closely-related drug C or because it is able to produce and market B at a very low
cost because of the existence of economies of scope in production and distribution. In this
case, domestic firms that currently produce B have an incentive to discourage entry by the
foreign firms into B. In addition, a foreign firm's entry into B will steal some market share away
from the substitute drug A. Therefore, domestic firms that produce drug A but have not found
it profitable to enter B thus far might want to enter market B simply to discourage foreign
entry into B. The strategic response to the discovery and patenting of A might therefore be for
incumbents in the drug B to proliferate more versions of this particular drug to make the drug
market less attractive for the foreign firm and for incumbents in A to enter B to deter entry by
the foreign firm into B.
In order to be able to assess whether an investment or action undertaken by a firm is a
strategic response to anticipated entry, one must be able to judge whether these actions are
consistent with static profit maximization. Since the counterfactual profits are not known, this
is in general a difficult proposition. One study that uses a structural approach to doing this
is Kadiyali (1996), who estimates price and advertising elasticities for Eastman Kodak in the
market for film and argues that the estimated elasticities of the incumbent are inconsistent with
static profit maximizing behavior. A number of other studies that have looked at the possible
incidence of such strategic behavior have looked for indirect evidence of the phenomenon by
relating cross-sectional patterns on entry or product proliferation to specific features of the
market that are related to the threat of entry. Lieberman (1987) looked at the investment
response of incumbents to new entry in chemical product industries and found evidence that
significant excess capacity existed in more concentrated industries following entry. He found lit-
tle evidence that incumbents built such capacity as a deterrent before entry, suggesting that the
firms engaged in mobility-deterrence once entry has taken place rather than conventional entry
deterrence. Chevalier (1995) finds an empirical relationship between capital market structure
and product market competition by looking at competition among supermarkets in the United
States following the Leveraged Buyouts (LBO) wave. She finds that non-LBO firms were more
likely to expand or enter in markets where Supermarkets undertook LBOs. She concludes that
an LBO changes the market structure by making product market competition "softer". Elli-
son and Ellison (2000) consider 63 drugs that are about to go off patent in the United States
and find empirical evidence that strategic considerations introduce a non-monotonicity between
their investment levels - in advertising and the number of presentations of a particular drug
introduced by a firm - and their market size. The intuition is that the market size could either
be too large to generate any returns to strategic investment or too small to warrant any strate-
gic action. So the motive to strategically deter entry is the strongest when the market is of an
"intermediate" size.
1.3 Data
The primary source of data for this paper are the retail pharmacy audits of ORG-IMS, India's
best-known market research firm for pharmaceuticals. The audit provides detailed product-level
information - estimates of quarterly retail sales, price, dosage form, launch dates, brand name,
active pharmaceutical ingredient, therapeutic categorization - on all pharmaceutical products
sold in India by 300 of the largest firms in India. The coverage of the audit is extensive, reaching
a representative panel of thousands of retail chemists in over 350 cities and towns in India. I
use quarterly-level information on all products for three years of data for the years 2001 to
2003, before the change in product regime implied by the TRIPs Agreement came into force.
The final sample includes 195 single-ingredient molecules that treat 18 different indications in
5 different therapeutic categories2
I use two sources to construct a dataset that lists all new drugs developed internationally
between 1990 and 1998. The Orange Book maintained by the Center for Drug Evaluation and
Research wing of the US FDA tracks the active ingredient product and approval dates of all
products from 1980 to present. This information can be used to construct data on the first date
of patent approval of a specific drug in the US. Since this does not always give us information
on the first date on which a molecule patented internationally, I use a secondary source of
data obtained the Pharmaprojects database, which is maintained by the UK consulting firm
PJB Publications. This dataset includes a drug's chemical and brand names, the name and
nationality of the firm that developed it, the identity of licensees, the country and year in
21 consider only single-ingredient molecules because entry into multiple-ingredient products is typically ob-
served to happen only after the entering firm has launched products in the markets for the individual constituents
of the multiple-ingredient product, whenever possible. This makes the pool of potential entrants for multiple-
ingredient products potentially very different from that for individual molecules.
which it was patented, its status (in clinical trials, registered, or launched) in the 28 largest
pharmaceutical markets, and the year of launch where applicable. This give us information on
drugs that have not yet been approved in the US for sale or on drugs that were approved in
other WTO member countries before the US. The two datasets are combined to construct a
final tabulation of all new drugs patented between 1990 and 1998 in the 18 disease groups in
the sample.
The data on patented drugs is matched with the primary dataset on drugs launched in India
by using more specific information on the drugs in both samples. This information is obtained
by consulting the pharmacological literature that assigns to each drug a pharmacological group,
that not only relates the drug to the primary indication that it used to treat but also to specific
chemical properties that differentiates the drug from other drugs that might be used to treat the
same indication. Such differences in chemical properties are important because they determine
a subcategory of patients that use them for treatment and therefore define narrower - and
perhaps, more relevant - bands of competition for drugs3 .
1.4 Empirical Strategy
In order to follow a strategy similar to the existing literature, what we would really need is
a group of drugs that would be differentially affected by the new patent regime. I use the
conditions of the treaty to try to relate the product launches in the period between 2002 and
2003 to the expected consequences of the TRIPS Agreement. Since TRIPs includes a specific
clause that requires patent protection for molecules that were invented between 1995 and 2005
but not for drugs that were launched before 1995, it makes some markets more vulnerable
to entry by foreign firms than by others. However, several factors complicate this analysis.
First, significantly older off-patent molecules that were patented before 1994 are not a valid
comparison group for newly patented drugs because the age of a molecule is often a significant
factor affecting the demand and profitability of the product. To get around this problem,
one could consider only drugs that were invented just before or just after 1995. However,
since innovations are likely to clustered around specific indications within a narrow time frame,
3For example, a molecule that belongs to the Beta Blocker class of Anti-Hypertensive drugs is more closely
related to another Beta Blocker than to a Diuretic drug, which also treats Hypertension.
reducing the number of drugs in this manner is likely to yield a large number of markets that
feature in both the pre and post periods. Third, as discussed in the preceding section, even if
firms respond to the threat of entry, it is likely to involve a complicated strategy that involves
both markets that contain new patented products and those that contain mostly off-patented
products.
I use the data on international patents from 1991 to 1998 to construct two distinct groups
of variables. The first of these is a dummy PharPost94, which are pharmacological groups in
which a new drug was invented in the period between 1994 and 1998 but not in the period
between 1991 and 1998. The second is the dummy PharPre94, which takes the value for a
pharmacological group in which a drug was patented between 1991 and 1994 but not in the
period between 1994 and 1998. I also include a variableMolPost94, which takes the value 1 for
those molecules that were patented in the Post94 period4
Table 1 describes the pharmacological groups and indications in which innovation occurred
in the Pre94 andPost94 periods. Because of the correlation in innovation over short spans
of time discussed above, there are very few markets for which the Pre94 or Post94 dummies
take the value 1. Table 1 describes these groups. For example, there are thee different kinds
of Anti-Hypertensive drugs in which innovation occurred in the Pre94 and Post94 periods.
Two of these groups, Beta Blockers and Diuretics saw innovation in the Pre94 period, but
no innovation in the period immediately after 1994. The category of Angiotensin Receptor
Blockers saw six molecules being invented in the Post94 period. Similarly, new molecules were
added to three distinct types of Anti-Diabetic drugs in the Post94 period but none of these
three categories saw any innovation in the Pre94 period.
I follow the literature (Grabowski and Vernon (1992), Scott Morton (1995), Ellison and
Ellison(2000)) and use lagged revenues at the pharmacological group level and at the indication
level as a measure of market size and profitability. LagRev and LagFirmNo are respectively
measures of the lagged revenues in the pharmacological group and the lagged number of firms in
that group. LagPharPres is a measure of the lagged portfolio of the firm at the pharmacological
group level. It is constructed to be the ratio of the number of products the firm produced in
4 Of the 50 molecules invented in this period, 20 were released in India, many of which were produced by a
number of domestic firms, who would not be able to produce the drug after 2005.
the relevant pharmacological group to the number of products available to be produced in that
group at that time and takes values between 0 and 1. LagTherExp is the number of years
of experience the firm has in the therapeutic category at the time of the launch or the entry
decision. Bigdom and Foreign are firm-level dummies that respectively take the value 1 if
the firm is one of the 10 biggest domestic firms in the industry or if the the firm is of foreign
origin. I also use as a molecule-level explanatory variable, a measure of the age of the molecule,
MolLaunchYr, defined as the date on which the molecule was first launched in India.
I treat the decision to extend an existing product line - i.e. launching an additional pre-
sentation form of an existing product - as a different decision than the decision to enter into a
new molecule-level market. For the former, I use as a dependent variable, LaunchNo, which is
defined as the number of additional presentation forms launched by a firm for a given molecule
in the year. The sample used is all firms currently producing some version of a given molecule
at the time. The final specification is as follows:
LaunchNo = LagRev + LagFirmNo + PharPre94 + PharPost94 (1.1)
+ LagRev.Pre94 + LagRev.Post94 + MolPost94 + MolLaunchYr + e
In order to assess the decision to newly enter a molecule, I use a probit specification that
treats as a potential new entrant any firm that is currently not producing the molecule but
has some market presence in the therapeutic category. The probability of entering is defined
to depend on the market size (given by lagged revenues), a vector of firms characteristics that
include the lagged portfolio measure and therapeutic category experience defined above and
whether the firm is a big domestic firm or a foreign firm. I also include MolLaunchYr as
an explanatory factor in the new entry decision. Finally, dummy variables for Pre94 and
Post94 and the dummy variables interacted with lagged revenue measures are used in the final
specification defined below:
I
Entry = LagRev + LagFirmNo + PharPre94 + PharPost94 + LagRev.Pre94 (1.2)
+ LagRev.Post94 + FirmChar + MolPost94 + MolLaunchYr + w
1.5 Preliminary Observations
Figure 1 gives a graphical description of the dramatic rise in new product launches made by
firms in the latter half of the 1990's, described in the introduction. The graph is constructed
using information about the launch years of all products available in the last quarter of 2003.
A a new product, in this context, is used to describe any new launch of a given molecule made
by a firm in a given year. The number of product launches show an especially steep rise since
the year 1999, continuing to rise until 2002 and then dropping by a small amount in 2003.
It is important to note that this increase in the number of launches is almost entirely due to
the flooding of the market by existing firms rather than by the addition of more firms in the
industry, as the number of firms in the industry remained stable at 211 for the years 2001 and
2002 and increased from 211 to 212 in the final year.
Since the question under consideration revolves around whether this behavior was profit-
maximizing in a static sense, another important consideration in assessing this spate of launches
in this period is the question of how the increasing number of products affects the total revenue
in the industry. Figure 2 uses quarterly-level data on the 12 quarters from 2001 to 2003 and on
the total number of products available in the industry to construct a measure of the average
revenue per product. Figure 2 maps the evolution of the average revenue per product over
this three-year period and shows a slight downward trend in this variable. Although revenue
measures are not available outside this three-year period - which coincides with the peak in
this launch spree - figure 2 points in the direction of the comments made by industry observers
noted in the introduction of this paper.
In order to be able to understand the evolution of the industry caused by this sudden in-
crease in product introduction, we need to consider the specific nature of the pharmaceutical
products that are being launched in the industry in this period. Table 2 provides cross-sectional
information about the specific disease groups that are affected by this increase in launches. In
order to give a sense of how these different disease groups compare to each other in size, they
are ranked according to the total revenue earned by these groups in the year 2002. Infectious
diseases are by far the largest category in terms of revenue and number of products. In fact,
although Infectious Diseases and Hypertension have the same number of drugs available for
treatment, the former category earns almost 3 times the revenue as drugs that treat Hyper-
tension and contains more than 3 times as many individual products. At the other end of
the spectrum are disease categories such as Gout and Alzheimer's disease, which have a very
small number of drugs and products available for treatment. To put these different markets in
perspective, the market for Infectious diseases is 3000 times that of drugs that treat Gout in
revenue terms and about 1000 times bigger than the market for Anti-Alzheimer's drugs.
The last column of Table 2 describes the number of new products as a percentage of total
products in these disease categories. With the exception of three disease categories, the number
of products launched in the year 2002 alone comprise of between 15 to 30 per cent of all products
available in these categories. This is a high number as many of these launches are made in drugs
that are fairly old.5
1.6 Results
Table 3 reports the estimates from estimating equation (1.1). The dependent variable, LaunchNo
is the number of additional presentation forms launched by a firm in a specific molecule in a
given year. Since the sample of potential product launchers is every firm that was producing
some version of the molecule in the previous year, the value of LaunchNo is 0 if a firm was in
the market for the relevant molecule during the previous year but did not release a new version
of the product.
In Table 3(b), LagRev picks up a positive and statistically significant coefficient, implying
5The exceptions are Anti-Alzheimer's drugs that had only two products available at the start of 2002 and
saw 10 additional products being added to the category in that year and drugs that treat Anxiety disorders
and Parkinson's Disease which had a smaller number of launches in comparison to the total number of products
available in these two categories at the start of the year. Interestingly, while the number of launches in the other
15 categories in 2001 and 2003 follow the pattern of launches for 2002, two of these groups - drugs for Parkinson's
disease and drugs for Alzheimer's disease - record very little activity in terms of new product launches in 2001
and 2003.
that when additional launches are made by existing firms in these two years, the number of
launches are positively related to the lagged revenue of the pharmacological group. LagFirmNo
also picks up a positive and statistically significant coefficient. Without a more structural ap-
proach that maps the equilibrium number of firms to the revenues earned in a market, it is
difficult to make an assessment about whether the positive mapping between LaunchNo and
LagFirmNo is an indication of firms strategically attempting to fill up product space by launch-
ing products even in crowded markets or whether LagFirmNo is simply another proxy for the
profitability of the pharmacological group. MolLaunchYr has a very strong and positive ef-
fect on the number of launches made by existing firms. This implies that newer molecules
attract more product launches. This is not surprising both because newer molecules tend to
generate greater demand as well as because the number of existing products in newer mole-
cules is likely to be fewer. After controlling for the novelty of the drug in this manner, the
dummy variable PharPre94 picks up a statistically insignificant effect. However, the dummy
variablePharPost94 picks ups a negative and statistically significant effect, implying that exist-
ing firms launch fewer products into pharmaceutical groups that are affected by patents in the
Post94 period. The interaction effect for both LagRev.PharPost94 is positive and statistically
significant, implying that market size, as measured by lagged revenues in that pharmacological
group, plays a stronger role in the decision to launch more product. This consideration does
not appear to be driven by the fact that the molecule under consideration itself is a Post94
molecule, since the dummy MolPost94 appears to have a statistically insignificant role in the
decision to launch more presentations of an product currently in the firm's portfolio. The
coefficient on LagRev.PharPre94 is positive but not of statistical significance. It is possible
that firms are responding to some degree of uncertainty that exists about how these markets
will develop in the post-2005 period. Another possibility is that if there are fixed costs to
obtaining expertise in specific pharmacological groups and if the Post94 groups represent areas
where firms foresee more innovation in the coming years, these pharmacological groups are less
attractive than others.
Table 4(a) runs a probit entry regression based on equation(1.2) which considers firms that
enter into molecule-level markets for the first time in the years 2002 and 2003. The effect of the
LagRev on new entry is not statistically significant, once you control for the number of firms in
the pharmacological group. However, the number of firms in the group is a positive predictor
of entry. Once again, it is difficult to interpret this result without knowing the relationship
between the equilibrium number of firms and revenues.
More new entry occurs in newer molecules - the coefficient on MolLaunchYr is positive
and significant. The coefficent on PharPre94 is not statistically significant but the coefficient
on PharPost94 is negative and statistically significant at the 10% level of significance. This
means that after controlling for the positive effect of the age of molecule - the molecules for
which the dummy PharPost94 takes the value 1 are all fairly new and therefore, attract more
entry - new entry is less likey in the particular pharmacological groups in which a product was
patented between 1995 and 1998 but in which no new molecule was patented in the period
between 1991 and 1994. The interaction term LagRev.PharPost94 is positive, implying that
new entry in the markets for which the dummy PharPost94 takes a positive value is driven
even more by profitability concerns. Table 4 also contains some interesting results on the kind
of firms that enter into molecules for the first time in this period. A firm's lagged portfolio in
the pharmacological group, as measured by LagPharPres, is an important positive predictor
for new entry. The coefficients on Bigdom and Foreign imply that big domestic are much
more likely to diversify into newer molecules in this period than other firms in this industry,
whereas the opposite story holds true for foreign firms. This is consistent with hypothesis that
foreign firms are less concerned with the post-2005 changes than domestic firms. In addition, if
we were to believe that the bigger domestic firms already have a fairly high level of reputation
that they can build on, we would expect them to enter into new markets more than the smaller
domestic firms, for whom pursuing markets for future reputation goals is a less plausible and
profitable enterprise. Exactly the same argument would hold true for firms with a higher current
portfolio of products and therefore a larger current stock of reputation. Finally, there is less
new entry into the molecules that were patented in thePost94 period (captured by the dummy
MolPost94), which is to be expected since firms would be expected to withdraw such product
in 2005.
Both journalistic accounts and evidence from the data seem to suggest that the number
of new products launched in this period was unsually high. It is likely that the arrival of the
deadline for compliance with TRIPs caused a fair amount of panic among domestic firms. This
____ _____
would be especially the case for the bigger domestic firms who will be more directly competitive
with foreign firms. The large number of products launched are potentially part of a complicated
strategy by these firms to establish strong reputations in as many drug classes as possible before
the arrival of the foreign patent-holders. However, given the small number of pharmacological
categories that are exclusively affected by the enforcement of patents, it is difficult to conclude
whether the increased drive in launching new products was directly motivated by strategic
considerations related to the change in patent regime. In general, market size, as measured
by the lagged revenues in a pharmacological group or by the number of firms in the group,
and the age of the molecule, seems to be driving entry into markets, both for completely new
products and for products that represent an extension of the firm's product line within a given
molecule. When market size plays a differential role in the detrmination of product launches
for the Post94 period, the relationship between the two variables is even stronger. This does
not provide us with any direct evidence of a strategic motive.
1.7 Conclusion
In the early years of the new century, the Indian pharmaceutical stood on the brink of a major
institutional change. A new system of product patents that required firms to invest heavily in
research and development was expected to have a major impact on the fate of the incumbent
domestic firms, who had built themselves around a model of competition that did not requires
such investments. This period also coincided with an unusually frantic pace at which the
incumbent firms launched new products in the industry. The dramatic increase in number of
product launches led to speculation among industry observers about a possible strategic motive
to this phenomenon.
This paper finds no conclusive evidence of strategic behavior by firms in markets where
the patent enforcement could affect the future profitability of doemstic firms. Results of the
estimation suggest that much of the entry was driven by the size of the market and the age of
the drugs in question. However, without more information on counterfactual profits, both in
the long-run and the short-run, these results cannot be used to rule out strategic behaviour by
domestic firms.
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Table 3: Additional Launches made by Existing Firms, 2002-2003
Table 3(a): Summary Statistics*
Variable Number
Firms 212
Bigdom 10
Foreign 20
Molecules 195
Phar Groups 50
Indications 18
Therapeutic Categories 5
Mean Std Dev Min Max
LaunchNo 0.4 0.8 0 9
LagRev** 2534.4 2101.8 0.1 6895.6
LagFirmNo 65.3 36.5 1 128
*No of Obs = 5085
**in Rs Million
Table 3 (b): Determinants of Number of New Presentation Forms Launched by Existing Firms
Dep Var. LaunchNo
LagRev
LagFirmNo
PharPre94
PharPost94
LagRev*PharPre94
LagRev*PharPost94
MolPost94
MolLaunchYr
FIRM FE
5.44e-08***
(1.03e-07)
2e-03***
(6.4e-04)
8e-04
(0.14)
-0.21"***
(0.06)
3.71 e-08
(9.2e-08)
2.3e-07***
(5.85e-08)
0.04
(0.04)
0.02***
(1.8e-03)
YES
Table 4: New Entry into Molecules, 2002-2003
Table 4(a): Summary Statistics*
Mean Std De Min
Entry 0.02
LagPharPres 0.03
LagTherCatExp 6.79
MolLaunch Yr 1991.3
*No of Obs: 38349
Table 4(b): Determinants
Dep Var: Entry (0 or 1)
LagRev
LagFirmNo
PharPre94
PharPost94
LagRev*PharPre94
LagRev*PharPost94
MolPost94
LagPharPres
LagTherCatExp
Bigdom
0.14 0
0.09 0
7.3 0
9.66 1967
of New Entry. 2002-2003
-1.08e-08
(1.66e-08)
0.003***
(0.001)
-0.01
(0.13)
-0.14*
(0.07)
7.62e-08
(9.73e-08)
3.73e-07***
(7.11 e-08)
-0.09*
(0.05)
2.43***
(0.09)
-4e-03"
(3e-03)
0.25***
(0.06)
Max
1
1
35
2003
Chapter 2
Free Entry in the Market for Drugs
in India: Implications for Social
Welfarel
2.1 Introduction
This paper examines the consequences of free entry into the market for pharmaceutical products
in India and adds to a growing literature that focuses on the transition by developing countries
to the stronger intellectual property rights regimes present in developed nations.
Pharmaceutical industries in most parts of the developed world are typically associated with
large entry costs. This feature is the result of a combination of factors that include technological
reasons such as the high costs of research associated with developing a new drug, legal difficulties
inherent in obtaining regulatory approval for new drugs and entry barriers for existing drugs in
the form of stringent patent laws.
Pharmaceutical industries in the developing world provide an interesting contrast. In many
'I am indebted to my advisors Glenn Ellison, Nancy Rose and Abhijit Banerjee for their
guidance and support. I thank Karna Basu, Esther Duflo, Sara Fisher Ellison, Dave Matsa,
Stephen Ryan and especially Dominique Olie Lauga and Jeff Wilder for helpful discussions; Tina
Khadloya and Gauri Pathak of ORG-IMS for data assistance; participants at the MIT Industrial
Organization and Development lunches for useful comments; and the MIT George C. Shultz Fund
for financial support.
developing countries such as India, patent laws have traditionally been weak. Patents were
issued on the process of manufacturing a drug, rather than on the product. In pharmaceuticals,
this has meant that a small modification in the synthesis of a molecule yields a new patent and
allows several firms to produce essentially the same drug. The ability of local firms in these
countries to market drugs that are still under patent protection in the West has meant that the
high costs of innovation have mostly been borne by the developed nations.
The emergence of globalization in recent years has led to the formalization of a more uniform
legal framework for all fields of trade, including the important area of intellectual property
rights. The most important of these developments for India's pharmaceutical industry was
India's entry into the World Trade Organization in 1994. As a condition of its membership in the
WTO, India was expected to introduce a system of product patents and provide legal protection
to all Trade-Related Intellectual Property Rights (TRIPs), including pharmaceuticals. Because
the new regime involved a fairly dramatic overhaul of existing institutions, India was granted
a transitional period until 2005 to implement the new policy.
This proposed change has fuelled intense debate in India. Proponents of the patent regime
cite the familiar arguments in favour of stronger intellectual property rights, contending that
this will prove to be beneficial for India in the long run, spurring more research and development
into new drugs that are relevant for the health conditions and diseases specific to India. Its
critics argue that the purchasing power of the Indian consumer is too low to significantly affect
the direction of research and development of global pharmaceutical companies and therefore,
the only effect of the new patent regime on the Indian consumer would be an increase in the
domestic prices of drugs.
The TRIPs debate has generated a growing literature, both in academic and in policy
circles. Chaudhuri et al (2004) use a multi-stage budgeting approach in modelling demand
for the Quinolones segment of the anti-bacterial segment in India and compute the own and
cross-price elasticities of demand as well as the marginal costs of production. They then use
these estimates to perform counterfactual policy simulations and find that the losses to the
Indian economy of withdrawing the four domestic product groups from this subsegment would
be on the order of $450 million. Furthermore, they find that the losses to domestic producers
constitute only 11% of this amount, indicating that the overwhelming portion of the total
welfare loss would derive from the reduction in consumer surplus. In contrast, they find that
the profit gains to foreign producers in the absence of any price regulation would be around
$53 million.
The absence of legal barriers in the Indian pharmaceutical industry provides an unusual
setting in which firms can freely enter markets, after paying the entry costs of developing a "new
process" of manufacturing a drug and the costs of marketing and distribution of the product.
Since marketing and distribution costs play a large role in determining firms' profits in the
pharmaceutical industry, these compose an important component of a firm's incentives to enter
markets in India. In this paper, I use three years of retail sales data on the Indian pharmaceutical
industry before the TRIPS Agreement was to implemented and develop a structural model of
demand, supply and entry into pharmaceutical products markets in India. I use the free entry
setting to recover firms' fixed costs of entry, under the assumption that the since firms enter
markets if and only if they if expect to make positive profits. The estimation of the model
recovers demand and supply-side parameters that allow us to focus on two sets of welfare
implications of allowing free entry in an industry that is traditionally associated with strong
barriers to entry.
The first of these issues relates to the efficiency of free entry. The marginal entrant into a
market has an impact on social welfare in two opposing ways that it does not fully internalize.
The first of these externalities arises from the non-appropriability of consumer surplus. In the
absence of perfect price discrimination, an additional entrant lowers prices for all consumers,
including those who were buying the product at higher prices. In a differentiated market, entry
by an additional firm also adds to consumer surplus if consumers value variety. The second
source of externality is the business stealing effect. This follows from the fact that, to the
extent that products in differentiated markets are substitutes, an entrant has an adverse effect
on the existing firms' profits. Theory has ambiguous predictions for how the number of firms
in the social optimum would compare to the privately optimal entry decisions of firms. For
the most general cases, free entry could produce "too many" or "too few" products compared
to the social optimum, but the direction of this divergence has important implications for the
trade-off between consumer surplus and profits. I explore the empirical significance of these
countervailing effects by focusing on entry by foreign firms in one therapeutic category of drugs
and compare the observed free entry equilibrium to the constrained social optimum2
The second welfare issue addresses the TRIPs debate more directly by estimating the welfare
effects of granting patent rights to foreign firms in India. I use as examples four drugs that
were under patent in the US at the time and simulate the changes in consumer surplus, profits,
market prices and market quantities following patent enforcement for the molecule.
The estimation of the model shows that demand patterns vary across the different therapeu-
tic categories and that firm heterogeneity is an important explanatory factor for both demand
and entry costs. I find no evidence of socially "excessive" entry in 11 selected drugs; the impli-
cation of this finding is that additional entry would increase consumer surplus by more than it
would decrease firms' profits, leading to an increase in total social welfare. Finally, I estimate
an average loss of $1.2 million and an average decrease in maket size of 35,000 patients from
the enforcement of patents in four drugs that were under patent in the US at the time of the
data sample. In contrast, the average estimated gain to foreign producers from the enforcement
of patent is estimated to be $0.27 million. This gain is smaller than the loss of consumer sur-
plus and it is particularly small when compared to the global costs of new drug development,
estimated to range between $200 million to $300 million.
In the following section, I give a brief review of the relevant literature. In Section 3, I
provide a background of the pharmaceutical industry in India. In section 4, I describe the data.
In sections 5 to 7, I develop the model of demand, supply and entry and discuss the estimation
procedure. In Section 8, I discuss the results of the estimation. Section 9 uses these results to
perform counterfactual simulations that assess the effect of free entry on total social welfare.
Section 10 concludes.
2.2 Literature Review
This paper is related to two broad strands in the literature. The first of these is the literature on
demand and competition in pharmaceuticals markets, while the second relates to the literature
on entry into markets.
2 Since this paper allows for heterogeneity in firm types, it employs the notion of a "constrained" social
optimum, defined to be the number of firms of a given type that maximizes the social welfare function, after
conditioning on the number of firms of every other type in the market.
Demand estimation for pharmaceutical products has been of interest to economists, both
because of the importance of the products in question and because of the somewhat unique
nature of the purchasing process, where the consumer - in this case, the patient - is restricted
in his range of possible purchases by the prescription of a doctor. In addition, the choice of the
consumer is often influenced by other factors at the dispensing stage such as insurance policies
or recommendations by pharmacists.
The market for pharmaceuticals products is highly differentiated with a number of drug
choices often available to patients to treat a particular indication and with several firms pro-
ducing each of these drugs. Models of demand estimation for this industry incorporate this
feature of the industry. Ellison et al (1997) model demand as a multi-stage budgeting problem
for four drugs in the Cephalosporins segment of anti-bacterial drugs and compute own and
cross-price elasticities of demand between branded and generic drugs. Stern (1996) uses a dis-
crete choice framework to estimate demand for four categories of drugs and evaluates patterns
of substitutability between branded and generic versions of these drugs. Cleanthous (2002) uses
a random-coefficients logit specification to study the Anti-Depressants market in the US and
estimates large patient welfare gains from innovation in this market.
The literature on competition in the pharmaceutical industry in the US has also focused on
the issue of price competition between pioneer products, other branded products and generic
sellers. The relationship between prices of drugs and the number of sellers of varying degrees
of perceived quality could be different from that for other products if the nature of the product
leads some quality-conscious consumers to place a very high premium on pioneer or branded
products. With a segmented market, entry by generics could even allow the branded firms to
increase prices for a loyal group of price inelastic brand-name consumers. While Frank and
Salkever (1992), Caves et al (1991) and Grabowski and Vernon (1992) find theoretical and
empirical support for the market segmentation story, Wiggins and Maness (2004) study the
relationship between pharmaceutical prices and the number of sellers for a large sample of
Anti-Infective drugs in the US and find that this relationship is consistent with studies on other
industries, where brand loyalty or quality consciousness might be a less significant aspect of
demand.
Several papers have developed rigorous econometric techniques to assess the competitive
effects of entry on markets. Notable work in the empirical entry literature includes the pioneer-
ing work of Bresnahan and Reiss (1990, 1991) who study the relationship between the number
of firms in a market, market size and competition in five geographically isolated markets. They
use the idea that with free-entry competition, if firms have U-shaped average costs, a demand
entry threshold relates the market size to the number of firms in the market. Berry and Wald-
fogel (1999) use the same principle to compute the entry threshold in the market for radio
broadcasting and relate the free-entry number of firms to the social optimum. Seim (2005)
jointly estimates the location and entry decisions of firms in the video-rental industry and finds
high returns to differentiation in this industry. Ishii (2004) studies interconnected markets in
ATM networks by estimating a structural model of consumer and firm behavior and finds that
network effects are important in this industry.
Entry by generic firms into the pharmaceutical industry in the US has been studied by Scott
Morton (1999). Using data on all generic drug entries from 1984-1994, she finds that firms tend
to enter markets with supply and demands characteristics similar to the firm's existing drugs.
Scott Morton's study concludes that heterogeneity among potential entrants is an important
factor in predicting entry into markets both because of technical and demand-side characteristics
of drugs.
2.3 Industry Background
Soon after its independence from British rule in 1947, the Indian government provided incentives
to multinational companies (MNC's) to set up manufacturing units in India. Consequently,
MNC's brought in technology and international manufacturing practices and by 1970, foreign
firms controlled approximately 80% of the domestic Indian market.
Before 1970, India's patent laws came from its British colonial days, and the country had
some of the highest drug prices in the world. However, in 1970, a major change in the form of
the Indian Patent Act was enacted by the Government of India, which transformed the pharma-
ceutical industry in a fairly dramatic fashion. The Indian Patent Act was enacted with a view
to developing the infant domestic industry and provided legal recognition to process patents for
pharmaceutical products. Process patents grant legal protection to the manufacturing process
and not to the product, as is customary in most developed nations. As discussed in the in-
troduction, this feature allowed multiple firms to produce essentially the same drug, creating
competition that drove down prices. Indian companies were quick to seize the opportunity
provided by the 1970 Patent Act. Molecules that were still protected by patent rights in much
of the developed world were produced by Indian firms at a fraction of the R&D cost. The 1970
Patent Act led to the exit of multinational companies from India in large numbers and caused
their market share to drop to roughly 39% by 1993.
As discussed in the previous section, the signing of the TRIPs Agreement has meant that
foreign firms will now be able to protect their new drug innovations from being reproduced
and marketed in the Indian markets for the standard patent period of between 15 to 20 years.
This change is expected to bring the global pharmaceutical companies back into the Indian
pharmaceuticals market in large numbers. While the issue of the affordability of medicines
for the poor has dominated the TRIPS debate, there has also been concern about the fate of
domestic firms in India, a majority of which have very poorly developed R&D facilities.
2.4 Data
Data Sources:
The primary source of data for this paper are the retail pharmacy audits of ORG-IMS,
India's best-known market research firm for pharmaceuticals. The audit provides detailed
product-level information - estimates of quarterly retail sales, price, dosage form, launch dates,
brand name, active pharmaceutical ingredient, therapeutic categorization - on all pharmaceu-
tical products sold in India by 300 of the largest firms in India. The coverage of the audit is
extensive, reaching a representative panel of thousands of retail chemists in over 350 cities and
towns in India. I use three years of data for the years 2001 to 2003, when product patents
were still not enforced in the industry. This fact allows me to exploit the fact that free entry
conditions prevailed in the industry at the time.
A secondary data source is the ORG-IMS Prescription Audit, which tracks the prescription
habits of doctors in a large cross-section of towns and cities in India, using a sample of doctors
of different specializations. The number of prescriptions for each indication is used to construct
an exogenous measure of market size, which is described in Section 4.
Because drugs can be grouped into separate "markets" on the basis of the indications that
they treat as well as their chemical composition, I collect additional data on the pharmacological
properties of the molecules in my sample, the indications treated by these molecules and their
dosage and length of treatment from the medical handbook Drug Facts and Comparisons and
other similar online sources.
Sample:
I restrict attention to only oral systemic forms of presentation for single-ingredient products.
I focus on these products because the firms in my sample are found to launch multiple-ingredient
products only after having entered the market for each of its individual constituents, whenever
possible. This makes the pool of potential entrants - and therefore, the entry decision - for such
products potentially very different from that for individual molecules.
I leave out injectable dosage forms because oral systemic forms are likely to have been
purchased in different settings than injectables, which are usually administered in hospitals. I
also drop from my sample all non-prescription drugs because my measure of market size is least
likely to be consistent with the real market size for such products.
This leaves us with a set of 155 molecules spread across 5 broad therapeutic categories and
14 groups of indications, described in Table 1. I collapse the quarterly data for the years 2001-
2003 to the yearly level for all specifications that are estimated and presented in the tables that
follow.
2.5 Demand
I define a "market" to be a group of molecules that treat the same set of indications and share
common pharmacological properties. There is some variation in the number of markets for
each indication group across the 14 indication groups in my sample. Some indications such as
Insomnia and Anxiety are treated by a relatively small number of molecules that are all close
substitutes for each other, while for other indications such as Hypertension, drugs can be broken
into a number of subsets whose chemical composition differ by group, making the molecules in
two distinct groups be unlikely substitutes for each other.
A market, in this framework, has two distinct tiers of differentiation: the first tier comprises
of chemically similar molecules that compete to treat the same set of indications. The second tier
of product differentiation occurs at the level of the molecule, where products are differentiated
in terms of physical characteristics such as strength, packsize and dosage form as well as in
terms of firm-level characteristics that affect the demand for the product.
2.5.1 The Two-Level Nested Logit Model of Demand
I use the nested logit framework to model demand for pharmaceutical products. A nested logit
model is appropriate when the set of alternatives faced by a decision-maker can be partitioned
into subsets or nests, in such a way that for any two alternatives in the same nest, the ratio
of probabilities with which each alternative is chosen is independent of the attributes of all
other alternatives. For two alternatives in different nests, the ratio of probabilities can depend
on the attributes of other alternatives in different nests. Or, the Independence of Irrelevant
Alternatives (IIA) property does not hold in general for alternatives. However, defining the
nests proves to be critical for the nested logit to minimize the IIA implications of the standard
logit model.
I use a two-level nested logit specification, where molecules are assigned to markets based on
the indications that they treat and their pharmacological properties. The implicit assumption
when markets are constructed in this way is that when a consumer is assigned to a market
by a prescription, he is able to substitute between different molecules that belong the same
indication and pharmacological group but is unable to substitute to a drug that treats the same
indication and belongs to a different pharmacological group.
Formally, let a market L be a group of chemically similar single-ingredient molecules. Each
market is comprised of several molecules L1, .... , LN, where Li is a unique molecule. Let Sk
be the set of all products for the molecule Lk. Consumer i's utility from consuming firm j's
product in molecule m is given by:
Uijm = 6jm + (im + (1 -l a)Eijm (2.1)
where 6Jm is the mean utility for the product defined to be:
6 jm = XjmP + opjm + ýjm (2.2)
In equation(2.1), each qijm is independently, identically distributed extreme value. The term
a captures the degree of correlation between the alternatives in the nest. As the parameter a
approaches one, the within-group correlation of utility levels goes to one, and as a approaches
zero, the within-group correlation of utilities goes to zero. Equation(2.2) defines the mean
utility for a product jm to depend on Xjm, a vector of product characteristics, pjm, the product
price and ýjm, a product-level shock that could includes unobservable firm-specific variables
that could affect utility.
In this framework, the well-known formulae for market shares are given by:
Sj/m = Dm
where sjlg is the probability of choosing product j, given the choice of group g and:
Dm = [ E e6 hm/(1-)]
hESm
The probability of choosing group m is given by:
Dl-a
Sm -
[1 + Dk]
k
Then the market share of product jm is given by:
8 jm = SmSj/m
The share of the outside good then is:
1
Berry (1994) shows that this can be worked out to be the following simple linear regression:
In(sij,) - In(so) = Xjm/3 - aPjm -+ o ln(sjl,m) + ±jm (2.3)
The expression on the right of equation(2.3) is the sum of the mean utility defined in
equation(2.2) and the term a ln(sjl,/m). This means that the estimated coefficients of the prod-
uct characteristics from the demand estimation capture the effect of each of these character-
istics on the mean utility. The term ln(sjlm) helps to identify the within-group correlation a.
Because pjm and sjl,m are both potentially correlated with the firm-specific unobservable in
equation(2.3), I describe below instruments that are used to correct this endogeneity.
2.5.2 Market Shares, Quantities and Market Size
Equation(2.3) is formulated in terms of market shares, as opposed to quantities. In other words,
market size is assumed to be exogenous in that every patient diagnosed with an indication in the
sample has the option of not purchasing any of the options. In this case, he is said to purchase
the outside good, which is computed to be the difference between the size of the market and
the total quantity sold of the inside goods in the market.
In order to be able to make comparisons across different molecules, I consult the pharma-
cological literature to assign a patient-day dose measure to each product in the sample. The
patient-day measure also aids in approximating the market size. For each of the 14 indication
groups, the ORG-IMS Prescription Audit provides an estimate of the total number of people
who were diagnosed with an indication from the group during the year 2003. The market size
for an indication is the number of prescriptions for the indication multiplied by its average
length of drug therapy. When an indication group is comprised of multiple indications - as, for
example, is the case for Infectious Diseases - the market size is the sum of the market sizes of
each indication that belongs to the group.
Because the prescriptions data is by indication rather than by the drug prescribed, I do not
have data on the size of each market in the two-level nested logit model when multiple markets
exist for the treatment of the same indication. I use sales data from the primary dataset to
construct weights for each market that reflect the relative importance of each pharmacological
group in the treatment of the indication. I use these weights to divide the market size measure
for the whole indication into market sizes for each pharmacological group. This approach means
that two groups of molecules that treat an indication will be able to draw from a smaller pool
of consumers than the market for the whole indication.
The unit of observation in the estimation of demand is at the firm-molecule-year level. It is
customary for firms to sell each molecule in multiple dosage forms and packsizes. I aggregate
across all presentations of a molecule sold by a firm to arrive at the measure of the total number
of patient-day doses sold for a molecule by a firm. The market share of the firm then is the
total doses sold divided by the market size. The dependent variable in the demand estimation
is the difference between the log of firm share and the log of the outside good share. I refer to
this dependent variable as LnFirmShare in the tables that follow.
Finally, the variable LnIngroup is the log of a firm's within-group share, which is the market
share of the firm, conditional on the choice of the molecule. The conditional market share is
equal to the number of doses a firm sells of the molecule divided by the total number of patient-
day doses sold of the molecule.
2.5.3 Product Characteristics and Instruments
In addition to reporting the price and quantity sold of each product, the retail audits data
also contains other information about the products which allows us to construct a number of
variables that could play a role in explaining the choice of product.
The conversion of each product in the database into a patient-day measure allows us to create
a measure of price that makes comparison across different molecules possible. The variable Price
is calculated as the average price at which a firm sells one daily dose of a molecule. FormNo is
a variable that equals the number of presentation forms a firm has for that particular molecule.
The variable Branded - which takes the value 0 if the firm produces only generic versions of
the molecule and 1 if the firm produces branded versions of the molecule - is used to capture
the effect of brand-differentiation by a firm. FirmExp refers to the number of years since
the firm first launched a molecule in that market. MolAge is the number of years since the
molecule was first launched in India. MktPres is a measure of the firm's market presence and
is the ratio of the number of molecules the firm produces in the market to the total number of
molecules currently being produced in that market. The expected effect of Price in the demand
estimation is negative whereas FormNo, Branded, MktPres and FirmExp would be expected to
affect utility positively. MolAge, which captures the effect of the age of the molecule on utility
would be expected to be negative since older drugs tend to be valued less than newer drugs.
I also create two other firm-level variables that are significant in explaining demand and
also play an important role in the estimation of entry thresholds, described in the sections that
follow. The variable BigDom refers to 8 big domestic firms that are prominent not only for
the size of their overall portfolio across all therapeutic categories but also for their presence
in international markets. Foreign takes the value 1 for the 20 firms of foreign origin and 0
otherwise. Table 2 presents the characteristics of firms based on this categorization. Foreign
and small domestic firms are present in all 31 markets whereas big domestic firms are present
in 30 out of the 31 markets. However, the average product portfolio of a big domestic firm
consists of 66 molecules and is spread across 25 markets. The corresponding figures for foreign
and small domestic firms are much lower. Each foreign firm on average produces 7.2 molecules
and has a portfolio that is spread across 6 different markets. Small domestic firms on average
produce 10.6 molecules and are spread across 7 different markets. Finally, Table 3 shows that
the average experience of a big domestic firm in a market is 9.7 years, which is greater than
that of foreign firms at 7.5 years and small firms at 4.7 years.
Both price and the within-group share are potentially endogenous in equation(2.3), which
necessitates the use of instruments. BLP (1995) and Berry (1994) show that valid instruments
in this framework for price and within-group shares are functions of the characteristics of other
firms. These are correlated with the price and within-group shares of an individual firm through
the mark-up conditions but uncorrelated with the product-specific error term. I construct six
instruments which are equal to the sums and the sums of squares of the characteristics FirmExp,
MktPres and FormNo of all other firms that produce the same molecule.
2.6 Supply
In this section, I formalize the supply-side of the market and use the supply-side equation to
recover the marginal costs of production. For most of the drugs in my sample, I recover the
marginal costs of production by drawing inference about the costs from the profit-maximization
conditions each firm in each market. However, 14 of the 155 molecules in my sample are under
price control, for which a specified margin is allowed over the marginal costs of production. For
these drugs, I use the allowed margins on these products to back out the marginal cost.
2.6.1 Drugs Free of Price Control
Since a large number of firms in any given market are multiproduct firms, I incorporate this
feature in the model of the supply-side. In a differentiated goods market, a multiproduct firm
sets prices for each of its products after taking into account the effect of these prices on the
demand for all its other products in the market. I assume that prices in the industry are set in
a Bertrand-Nash equilibrium.
Let product sj, be the share of firm j's product in molecule m. Let '9j denote the set of
products produced by firm j in the market. Firm j's profit function can be written as follows:
Hj = hEdj (Pjh - Cjh)SjhM
The first-order condition of firm j with respect to the price of any particular molecule m is
given by:
Hrj/OPjm = s jm + hEe9j(Pjh - Cjh)OSjhl/Pjm = 0 (2.4)
For the two-level nested logit model, the following conditions can be derived for the response
of market shares to own and other prices:
asjm/apm = -asmsj/m[ Sjm) + sjn m(1 - sm)] (2.5)(1 - o)
OSjh/apjm = aShSmSj/m (2.6)
Following BLP (1995), we can now create a matrix A of dimension J X J, where J is the total
In vector notation, (2.4) can then be written as:
s(p, , ,) - A(p,x , )(p - c) = 0
p = c+ A(p,x, )-s(p,x, ) (2.7)
I construct the matrix A by using the observed values for the market shares in the data and
the estimated coefficients for a and a from the demand side. A(p, x, C)- 1s(p, x, C) is a measure
of the predicted mark-up for a multiproduct firm in this industry. Let the marginal cost of firm
j of producing molecule m be defined as follows:
In Cjm = Cm + Wjm (2.8)
where cm is the constant component of the marginal cost and wjm is a firm-specific deviation
from this constant cost. Equations(2.7) and (2.8) allow us to generate the following supply-side
equation:
In(pjm - A(p, x, )-1 Sjm(p, x, ~)) = Cm + wjm (2.9)
To improve the precision of the estimates of marginal costs in equation(2.9) above, I include
a vector of controls that would be uncorrelated with wjm but would be systematically correlated
with the pricing decisions of firms. The controls used are the firm's own characteristics and
the characteristics of its rivals which measure the level of competition facing each product
and therefore, its price and markup. For a firm's own characteristics, I use the variables
MktPres, FirmExp, FormNo, Branded, Foreign and BigDom, that were discussed above. For
the characteristics of each firm's rivals, I use the sums and sums of squares of the values of
FirmExp, MktPres and FormNo for all other firms producing the same molecule, which were
previously used as demand-side instruments. Therefore, the final equation that is estimated is:
ln(pjm-A(p, x, )-1Sjm(p, x, , )) = E di(i=m)cm+Z akOwnCharjmk+Z kOthCharjmk +wjm
i k k (2.10)
2.6.2 Drugs under Price Control
Of the 155 drugs in my sample, 14 drugs are price controlled. The pricing rule used by the
regulatory authority allows for a small pre-specified margin over the cost of materials, the cost
of converting the bulk drug into the formulation and the cost of packaging the drug. I estimate
the marginal costs of these products with the following equation:
Pjm = cm + bm
where cm is once again the constant-cost component and bm is the allowed margin on each
product, which varies between 10% and 15% .
2.7 Entry
The final part of the model is the estimation of the costs of entry into each molecule. Because of
the computational difficulties associated with modelling individual firm-level differences in entry
costs, entry models often rely heavily on homogeneity assumptions. However, such symmetry
assumptions seem less plausible in the present context because of the very large number of firms
in the indutry, with different portfolio charateristics. In order to allow for some heterogeneity in
entry costs, I use the three categories of firms that I defined earlier - big domestic, foreign and
small domestic firms - and back out fixed costs separately for each of these categories in each
market. This categorization seems fairly natural because foreign and domestic firms are likely to
have very different fixed costs, owing to differences in their marketing and distribution networks
in India. Among the set of domestic firms, the scale of operation as well as the marketing and
distribution networks of big domestic firms are potentially very different than that for all other
domestic firms, which are likely to be reflected in their entry costs. The model presented in the
following section makes the assumption that firms within each of these three groups make their
entry decisions with symmetric expectations. However, unobservable components of demand
and costs are translated into ex-post differences in markets shares and prices for firms within
each firm type.
2.7.1 Equilibrium Entry Conditions
I model a firm's entry decision into an individual molecule by assuming that fixed costs are
identically distributed for each category of firm in a given molecule. 3. As in Bresnahan and
Reiss (1991) and Berry and Waldfogel (1999), entry thresholds are estimated under the as-
sumption that we observe N firms producing a particular molecule, if N firms expected to
make positive profits but N + 1 firms did not expect to make positive profits4 . More formally,
let NFm, NBm and Nsm be the number of foreign, big domestic and small domestic firms in
the molecule m. Then we observe the combination (NFm, NBm, NSm) in molecule m if the
following three conditions hold:
1. E7rFm(NFm, NBm, NSm) - KFm > 0 & E7rFm((NFm + 1), NBm, Nsm) - KFm < 0
2. E7rBm(NFm, NBm, NSm) - KBm > 0 & ElrBm(NFm, (NBm + 1), Nsm,) - KBrn < 0
3. EWrsm(NFm, NBm, NSm) - Ksm > 0 & Ersm(NFm, NBm, (Nsm + 1)) - Ksm < 0
2.7.2 Symmetric Market Shares and Prices
We can now use the assumption of symmetry within each firm type to express market shares
and prices as functions of the number of firms in a molecule. I restrict mean utility for each
firm type within each molecule to be identical but allow for heterogeneity across firm types and
across molecules by specifying the mean utility for a product containing molecule m produced
by firm type f to be:
6fm = XfmPOfm (2.11)
3 Given the structure of each market, the entry decision in this setting could be modelled as a complex portfolio
decision, where firms choose the optimal combination of molecules in any given market, taking into account the
effect of entry into one molecule on the prices of all its other products in the market. However, with even as few
as three distinct molecules, this requires the imposition of a large number of inequality constraints and becomes
a computationally infeasible task.
4Lanjouw (1998) discusses that "gentlemen's agreements" between global pharmaceutical companies some-
times restricted one foreign firm from infringing on other foreign firms' patent rights. However, Lanjouw also
makes the point that such agreements have broken down to some extent in recent years. To accommodate this
possibility, I impose an upper bound of one foreign firm for the entry estimation routine whenever the only
foreign firm in an under-patent molecule is the patent-holder for the molecule.
where f = B, F, S. Xfm is the average value for each firm type's characteristics for that molecule
and 3 is the vector of estimated coefficients for these characteristics from the nested logit
demand regressions. The characteristics included in the mean utility are the age of the molecule
measured by the variable MolAge; the variable Price, which is the average dose-price; FirmExp,
which is a measure of the firm's experience in the market; MktPres, which measures the strength
of a firm's portfolio in the market; FormNo, the number of presentations a firm has in the
market; and dummies for two of the three firm types, BigDom and Foreign.
Restricting the mean utilities to be equal within each category of firms allows us to express
the market share for each of type of firm in each molecule in terms of the number of firms in
each molecule. The conditional market shares of a firm of firm type f (f = B, F, S) is given by:
e/mim/(1-) (2.12)Sf/m = NBmeBem/(1-U) + NFmeF.n/(l-a) + Nsmes-m/(l-) (2.12)
Denoting NBme 6 Bm/( 1- a ) +NFme 6 Fm/( 1-c ) +Nsmejms/ (1- a ) as Din, the overall share of each
molecule m is given by:
DI-aSm = 1  (2.13)
[1 + Ek D1-0
In order to be able to relate profits to the number of firms in each market, we also need to
be able to map prices to the number of firms in a molecule. A model of firms who behave as
multiproduct oligopolists would mean that we allow for each firm to have a different number
of products in each market. Since this violates the assumption of symmetry within each firm
type, I abstract away from these complications and instead provide an alternative approach.
2.7.3 Single-Product Firm Model
I impose the condition that firms behave as single-product firms within a given market. Given
the low cross-price elasticities estimated between molecules that compete in the same mar-
ket, this assumption does not seem to be too restrictive. If firms behaved as single-product
oligopolists, then a firm f's profit function for an individual molecule m can be described as
follows:
lIfm = M(pfm - Cm)Sfm
The first-order condition for this firm gives rise to the following equation:
Pfm = Cm + Sfm/(&Syml/Pfm)
Using equation(2.5) and within-firm type symmetry, we can rewrite this as:
(1 -a)Pfm = cm + (2.14)
a[(1 - sf/m) + (1 - a)sf/m(1 - sm)
From equations(2.12), (2.13) and (2.14), sf/m and sm can both be expressed in terms of
NFm, NBm and Nsm and Pfm. I then solve for the optimal single-product prices for each firm
type in every molecule by using a contraction mapping routine.
2.7.4 Distribution of Entry Costs:
I use the equilibrium entry conditions for each molecule to estimate a common entry cost
for each market and allow for the entry thresholds to vary across molecules in every market
by introducing the age of the molecule as an explanatory variable in the estimation of entry
thresholds. The fixed cost for a molecule m produced by firm type f in market p is specified
to be:
In Kfm = ,3fMolAgem + -Yfp + AfEf
where e is asumed to have the standard normal distribution and 0"m, yfp and Aj are parameters
to be estimated.
Omitting the subscript m, the equilibrium conditions imply that for each firm type f in a
molecule, the value of the entry cost K1 must lie in between the values of E7rf(N1 , N_f) and
Exry(Nf + 1, Nf). Or in terms of our model of symmetric market shares, this implies that Ky
must be such that:
(pf(Nf, Nf) - c)sf(N, Nf) > Ky > (pf(Nf + 1, N_f) - c)sf(Nj + 1, Nf) (2.15)
Equation (2.15) is an ordered probit where the upper and lower bounds for the interval are
specified to be the variable profits with N and N+1 firms respectively. Denoting (pf(Nf, N-f)-
c)sf(N, ) as Vf(Nf) and (pf(Nj +1, N_f)-c)sf(N+ 1, N_f ) as V 1(NJ+ 1), the above condition
can be estimated by defining and maximizing the following likelihood function:
(InVf(Nf) - ,f - ofMolAge) (InVf(Nf + 1) - Yf - f MolAge) (2.16)
2.8 Results
2.8.1 Demand Estimation
Tables 3 to 8 present the results of demand estimation using the two-stage nested logit model.
As shown in equation(2.3), demand can be estimated by two-stage least squares. Demand is
first estimated across all categories and then separately by therapeutic category.
Table 3 shows the results of estimating a common demand across all therapeutic groups and
indications. In Tables 4 to 8, I estimate demand separately and show that the response of these
different categories of drugs to prices and other characteristics differ quite significantly across
therapeutic categories. Each of these tables show that instrumenting the price and the within-
group shares decreases the standard errors and modifies the estimate of the two endogenous
variables in each case. In every case, the six instruments are jointly significant with F-stats
that vary between 13.60 and 254.71.
The coefficient on the variable Price is a, and can be interpreted as being the response of
the mean utility to price. a varies significantly across the different therapeutic categories. In
four out of the five therapeutic categories, the price coefficient becomes more negative after ac-
counting for its endogeneity. In the case of Musculoskelet al drugs and Systemic Anti-Infectives,
the coefficient increases to double the size of the OLS coefficient and in the case of drugs of the
Nervous system, the coefficient becomes more than three times the magnitude in OLS specifica-
tion. Although it is difficult to interpret the exact implications of the differences in a across the
different therapeutic categories, a higher value of a would lead to a higher elasticity of demand,
holding other factors constant.
Another important parameter of interest is a, the coefficient of the variable LnIngroup, which
is a measure of the correlation between the products in the same molecule group. Random utility
maximization implies that the estimate of a should lie between zero and one, with equation(2.3)
taking the form of the multinomial logit model when a is equal to zero. Tables 3 to 8 show that
the estimates of a differ significantly from 0. In Table 3, when a common a is estimated across
all therapeutic categories, the within-group correlation is estimated to be approximately 0.44.
However, when a is estimated separately for the different therapeutic groups, the estimates
range between 0.21 (Alimentary System and Metabolism) and 0.68 (Nervous System).
For most therapeutic categories, the signs of the coefficients seem to be as expected. The
variable MolAge picks up a negative coefficient in most cases suggesting that newer molecules
command higher market shares. The variable FirmExp picks up a positive coefficient for three
out of the five therapeutic categories, indicating that a firm's experience in the market has a
positive impact on its market share. Foreign and BigDom both pick up positive and significant
coefficients in all cases, with foreign firms commanding a larger share than big domestic firms
in every single therapeutic category, after controlling for the other factors that affect demand
for a product. Similarly, the variables FormNo and Branded pick up positive and significant
coefficients in most cases.
In Tables 9(a) to 9(c), I report the average own-price elasticities of demand and the cross-
price elasticities of demand for products in each indication group, using the group-wise estimates
of a and a from the demand estimation. The estimated cross-price elasticities between molecules
are very low, which is consistent with most studies on drugs.
Drugs for life-threatening diseases such as Hypertension appear to have very low own-price
elasticities. The own-price elasticity estimates for Cephalosporins in India appear to be a
little higher than those found in the Ellison et al study for the same group of drugs in the
US. Similarly, the own-price elasticity estimates for selected anti-depressants in the Cleanthous
(2002) study on the US Anti-Depressants market are found to be smaller than those in India.
The Cleanthous estimates of elasticities are close to zero for most molecules. For example, he
estimates an own-price elasticity of -0.065 for the drug Sertraline in the U.S., where Pfizer has a
monopoly, whereas my estimates suggest an average own-price elasticity of -1.26 for India, with
22 firms competing in this molecule. Similarly, he estimates an own-price elasticity of -0.456 for
the older tricyclic anti-depressant Amitriptyline for the US market, whereas I estimate an own-
price elasticity of -1.15 for the same drug in India. This difference is not surprising as treatment
for nervous system disorders are often highly discretionary and this is especially more likely
to be the case in India than in the U.S. because of the much lower purchasing power of the
consumers. Another reason why own-price elasticities might be expected to be higher in India
is that health insurance coverage in India is very low, estimated to cover less than 3% of the
population, which implies that almost all of the burden of medical expenses in India is borne
by the patient.
2.8.2 Marginal Cost Estimation
Equation(2.10) estimates a constant marginal cost for each of the 141 molecules that are not
under price-control, after controlling for factors that could potentially influence the ability of
some firms to charge higher prices than others. I am able to estimate precise estimates of
the marginal costs for all 149 out of the 155 molecules. For the remaining five molecules,
the estimates of marginal costs do not significantly differ from zero5 . Therefore, I assume
the marginal costs of these molecules are equal to zero. I do not report the individual cost
parameters but Table 10 presents the means and standard deviations of average daily dose
prices, average marginal costs and markups, by therapeutic category.
Table 10 shows that the markups vary across the different therapeutic categories. Systemic
Anti-Infectives appear to have a significantly higher average markup - at over Rs 17 per daily
dose - than the estimated markups for the other four categories of drugs, which range between
Rs 1.2 and Rs 6.5 per daily dose. However, a closer inspection of the data reveals that the
high markups in Anti-Infectives is driven largely by two groups of drugs, Macrolides and the
newer variants of Cephalosporins, which command higher prices than most other drugs in this
category.
2.8.3 Estimation of Entry Thresholds
The results of estimating equation(2.16) are reported in Tables 11 to 16. I find that molecule
age has a negative effect on entry thresholds for both categories of domestic firms, which would
be consistent with an interpretation of the entry thresholds as being composed of marketing and
distribution costs. Tables 12(a) to 17(a) report the estimates of the log of the entry threshold,
by therapeutic group and tables 12(b) tol6(b) present the implied entry costs and profits. In
almost every case, foreign firms appear to have the largest costs of entry, followed by the big
5 The average price of a daily dose of these molecules are also very close to zero.
I
domestic firms and finally, by the smaller domestic firms. This inference follows from the fact
that foreign firms appear to have the highest variable profits in many categories of drugs but
there are significantly fewer foreign firms in most molecules than the other two categories of
firm types. Since a large component of the entry costs in the Indian pharmaceutical industry
should be attributed to marketing and distribution costs (as opposed to R&D costs, which could
put foreign firms at an advantage), the difference between foreign firms and big domestic firms
suggests that foreign firms could be at a comparative disadvantage in terms of their marketing
and distribution networks in India. Moreover, the big domestic firms and foreign firms also
operate at a much bigger scale than smaller firms, earning higher profits but incurring higher
fixed costs.
Comparing the entry thresholds across the different therapeutic groups,the entry thresholds
seem to be the highest for Cardiovascular drugs and drugs of the Nervous System. This result is
consistent with industry reports that suggest that marketing and distribution play a major role
in these two therapeutic groups, which have high costs but high margins. Profits are similarly
significantly higher in these two groups of drugs, when compared to the other three groups.
2.9 Welfare and Policy Simulations
The costs and benefits of allowing free entry into the pharmaceutical industry in India have
been discussed widely. The most cited reason for protection of intellectual property rights in
pharmaceutical markets is the increased incentive for innovation. However, several studies show
that market size - in purchasing power terms - is a crucial determinant for innovation 6. The low
purchasing power of consumers in India has prompted many opponents of the TRIPs agreement
to contend that the welfare loss to the Indian economy from less innovation may be fairly small.
Free entry is associated with another debate in the Industrial Organization literature. When
entry by a firm into a market reduces the market share of other firms, the entrant is said to
steal business away from the incumbents in that market. However, additional entry would also
decrease prices and increase product variety, which would expand the market and increase the
6 For example, Acemoglu and Linn (2004) find a large effect of potential market size on the entry of nongeneric
drugs and new molecular entities. See Kremer (2002) for a discussion about the low levels of R&D expenditure
allocated to products needed by developing countries, such as a vaccine for malaria.
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benefits to consumers. Mankiw and Whinston (1986) show that in a homogeneous setting,
when firms have fixed costs of entering a market, privately optimal decisions by firms lead to
"excessive" entry, relative to the social optimum. However, in a differentiated goods industry
with heterogeneous firms, the predictions for how the free entry solution would compare to a
social planner's solution are ambiguous (Spence (1976) and Dixit and Stiglitz (1977)). In this
setting, entry could be "too little" when compared to the social optimum. As discussed in a
preceding section, the main sources of this divergence arises out of two forms of externalities
- the non-appropriability of consumer surplus by a marginal entrant and the business stealing
effect that an additional entrant imposes on all other firms.
While an important first-order effect of shifting to a product patent regime is the increase
in prices for consumers, the literature reviewed above concludes that free entry settings, such
as the one in our case, can be associated with social costs if firms replicate fixed costs of
production without adding adequately to consumer surplus in the form of lowered prices and
greater product variety. This naturally leads to the question of whether entry behaviour by
firms in the Indian pharmaceutical industry led to social inefficiency and how the observed
entry behavior can be contrasted with the solution of a social planner, who would maximize the
total sum of consumer and producer welfare and internalise the externalities discussed above.
In this section, I use my estimates from the previous sections to study two issues related
to welfare. First, I study the implications of free entry on social welfare by studying the effect
of entry on different components of social welfare. In doing this, I use as a benchmark for
comparison the notion of a constrained social optimum. A constrained social optimum in this
setting is defined to be the number of firms of a particular type in a given molecule that
maximizes the social welfare function, after conditioning on the number of firms of all other
types in that market.
The second set of policy simulations assess the potential costs of shifting to a stronger
intellectual property rights regime by simulating the effects of moving from a free entry setting
to a regime where the (foreign) innovator of a drug is granted an exclusive product patent. I
analyze the effect on prices, consumer surplus and profits of granting patent rights to a foreign
firm for the Serotonin Reuptake Inhibitor, Sertraline, that is under patent until 2006. The
results of this policy simulation add to the literature that focusses on the consequences of
stronger intellectual property rights regimes on developing countries, both in terms of their
effects on consumer welfare and their ability to generate incentives for global multinationals to
innovate in developing countries.
2.9.1 Social Welfare
I start by defining a social welfare function to be the sum of consumer surplus and total profits.
Let Lp denote the set of products in market p. Then, the yearly consumer surplus in the nested
logit model outlined above is given by (Small and Rosen 1981):
CS, = M Iln1 +( z Nfmedmi/(1- )
mEL, f=B,F,S
where 6fm is the mean utility provided by each firm type f in molecule m (where f =
BigDom, Foreign, SmallDom), Nfm is the number of firms of firm type f in molecule m
and M is a measure of the total market size.
Total profits in a market p are given by:
IP = E Z Nfm(Pfm - Cm)SfmM - NfmKfm
m f
where Pfm, sfm and Kfm are the prices, market shares and entry thresholds respectively of firm
type f in molecule m, cm is the estimated marginal cost for molecule m and M and Nfm are
as defined above.
2.9.2 Comparison of Free Entry with Constrained Social Optima
This section studies the effect of entry on social welfare by foreign firms in the category of drugs
of the Nervous System. I focus on foreign firms and Nervous System drugs for two reasons. First,
foreign firms have the highest entry thresholds in this category of drugs but demand estimates
suggest that they also have a significant positive effect on the mean utility. Therefore, they offer
an interesting contrast between consumer surplus and profits. Second, this category of drugs is
expected to be one of the fastest-growing category in the Indian pharmaceutical industry and
foreign firms appear to have very large market shares in this group of drugs, conditional on
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entry.
While the welfare simulations that follow in this sections can be extended to every single
molecule in this category, I focus attention on only those molecules where the predicted free
entry equilibrium is consistent with the observed free-entry equilibrium.7 Foreign firms enter
:21 of the 53 molecules in this category. Of these 21 molecules, the observed free entry numbers
for foreign firms correspond exactly with the prediction of the model in 11 cases.
The simulation routine evaluates the changes in social welfare as we change the number of
foreign firms in a given molecule, while holding the number of firms of the other two types in
that molecule and all other firms in the remaining molecules in that market constant. For only
one of these molecules - the Anti-Epileptic drug Clobazam - the observed free entry solution
coincides with the social optimum.
Tables 17(a) and 17(b) describe the results of the simulation for the remaining 10 drugs.
In every case, I observe under-entry by foreign firms, after holding constant the numbers of all
other firm types in the selected markets. On average, the constrained social optimum requires
the addition of 4.6 firms. Table 17(a) shows that the business-stealing effects of allowing more
foreign firms to enter would be substantial. However, Table 17(b) shows that moving to the
social optimum would result in an average decrease of 8.7% in the price of the molecule and an
average increase in the total market size of 23%. The resulting average increase in consumer
surplus is 17% but the corresponding figure for the fall in profits is 72%. In spite of these
substantial losses for producers, estimates show that the gains to consumers would overwhelm
the negative effect on profits and the increase in total social welfare would on average be 5.1%.
The implication of these results is that the gains to consumers of increasing the number of
products in these markets would outweigh the losses that producers would make upon entry
into these markets.
7 Note that the estimation procedure models firms that entered molecules as having had expectations of positive
profits in the future, conditional on entry. Similarly, firms that did not enter a given molecule are modelled as
having expected to make losses, if they entered. However, after entry decisions have been made, unforeseen
shocks to firms allowed for in the estimation routine might cause a deviation between the observed free-entry
equilibrium and the equilibrium that would emerge if all firms could perfectly predict these shocks.
2.9.3 Consequences of Patent Enforcement
In this section, I simulate the effects on welfare of granting patent protection to four selected
molecules that were under patent protection in the Us at the time of our smaple. As described in
Table 18(a), the four molecules are two molecules in the Macrolides category of Anti-Infectives,
Azithromycin and Clarithromycin; the SRI Anti-Depressant, Sertraline; and the Anti-Epileptic
drug Topiramate. Table 18(a) also describes the size of the Indian market in revenue terms for
these four molecules as a percentage of the worldwide sales for the drugs. In all four cases, the
worldwise sales for these drugs amount to over a $1 billion. In comparison, the sales of these
drugs in India are relatively small, ranging between 0.77% and 0.07% of these worldwide sales
figures. Although the sales figures are not directly comparable owing to differences in the patent
regimes which lead to different market structure for these drugs, they provide some indication of
the relative profitability of the pharmaceutical industry in India and those of developed nations.
In order to be able to assess the costs and benefits of the shift in the patent egime, I use a
simulation routine that computes the welfare effects of excluding both big and small domestic
firms from producing these four selected molecules, leaving only the one foreign firm in this
molecule. I also undertake an additional exercise that simulates the effects of granting patents to
both Azithromycin and Clarithomycin. I take two approaches to conducting these simulations.
In the first approach, I simulate welfare effects leaving the market structure unchanged for the
remaining molecules in the relevant markets. However, because the removal of all the other firms
in this molecule will result in demand spill-overs to the other molecules, free entry conditions
for these molecules would draw other firms into these drugs. Therefore, the second approach
attempts to correct for this by simulating across the number of firms of each firm type in every
other molecule in this market until I arrive at a new equilibrium.
There are two factors that affect the way I calculate equilibria in these two markets. The
first is that because I allow for a shock in equation(2.16), I find that some firms would be
making positive profits or small losses even at the free entry equilibria in these markets. I
interpret these deviations from zero profits to be unforeseen components of fixed costs that
the firms would have had to pay upon entry. This allows me to treat the observed profits for
each firm type at the original equilibrium as the break-even points for each firm type in the
new equilibrium. The second concern is that allowing for firm heterogeneity gives rise to the
possibility for multiple equilibria in these markets because a number of configurations of firms
could potentially be consistent with privately optimal entry. In order to deal with this issue, I
select equilibria where I maximize the number of small firms in the other markets, allowing the
number of big domestic firms and foreign firms to adjust, when necessary. Therefore I define a
new equilibrium in this market as follows:
1. Every firm type in every single molecule makes at least as much in profits as in the old
equilibrium.
2. Given the configuration of firms in the new equilibrium, no firm of any type would be able
to enter any molecule in this market without making a profit that is strictly less than the
profit they made in the original equilibrium.
Tables 18(b) and 18(c) present the results of this simulation. For three out of the five
simulation routines, the market structure cannot be adjusted while satisfying both conditions 1
and 2 described above for computing a new equilibrium. For the remaining two cases - the drug
Sertraline and the case where patents are enforced for both Azithromycin and Clarithromycin -
estimates are reported for both the adjusted and the unadjusted market structure. The results
of the simulation vary across the five cases. The losses to consumers can be discussed in terms
of the number of patients lost due to the enforcement as well as the changes in consumer
surplus and the increased prices. The patent enforcement reduces the market size in the four
cases where patents are enforced on a single drug in the molecule by an average of 35,000
patients; this figure is highest for the Anti-Infective drug Clarithromycin at 59,824 patients
and lowest for the drug Topiramate at 7988 patients.However, since depression and epilepsy
are chronic conditions, the number of patient-day doses- the appropriate market size measure -
that are associated with a given number of consumers is higher than that for the Anti-Infective
drugs. In consumer surplus terms, the losses range between Rs 47.1 million ($1 million) for
Clarithromycin to Rs. 67.3 million ($1.5 million) for Topiramate.
The simulated effect of the patents on the average prices of the four drugs are presented in
Table 18(c). The percentage increase in prices varies between 59% for Topiramate to 23% for
Azithromycin. The greatest increase in absolute terms for the the patent-holder's own profits
is for the drug Sertraline. This increase amounts to Rs 24 million ($0.53 million). However
I
the estimated increase in profits from the other three molecules are smaller in absolute terms
ranging between Rs 3.72 million ($0.08 million) to Rs 17.8 million ($0.39 million). In order
to get a sense of the relative importance of the Indian market, we could consider the case of
Sertraline for which the sales in the US for the year 2003 were close to $3 billion. The results
of the simulation confirms the view that even after accounting for all costs of production, India
would be a small player in this market. In order to place these results in the context of the
TRIPs debate, another relevant comparison is that between the post-patent profits for the
patent holder which are (estimated to be Rs 65.7 million or $1.44 million for the molecule
Sertraline) and the costs of new drug development, estimated to range between $200 million
and $300 million.
The findings in this section add further evidence in the direction of the results of Chaudhuri
et al, who estimate large welfare losses for consumer but small gains for patent-holders following
patent enforcement for four drugs in the Quinolones subsegment. They estimate much larger
consumer welfare losses from the withdrawal of all four domestic products in the Quinolones
subsegment of anti-infective drugs than those presented above. This difference can be partly
explained by the difference in the market size for the two groups of products - the market for
Quinolones is approximately 20 times larger in revenue terms than the market for SRI Anti-
Depressants - as well as the fact that patent enforcement for all four molecules in the Quinolones
category would clearly have a larger effect on welfare than enforcing a patent on one drug. In
addition, because demand patterns vary across different therapeutic categories, the projected
increases in prices following patent protection rights would also differ between the two groups
of drugs. While Chaudhuri et al project an increase of between 100% and 400% in the price of
Quinolones following patent protection for the four molecules in that group of drugs, the model
presented in this paper projects an increase in price of only 51% following patent enforcement
for the drug Sertraline.
2.10 Conclusion
In this paper, I develop a model of demand, supply and entry for 31 groups of drugs in five
therapeutic categories of the Indian pharmaceutical industry. The estimation of this model
recovers the elasticities of demand, marginal costs of production as well as the entry thresholds
in each of these markets. Demand estimates reveal that firm and market characteristics are
important factors in understanding demand patterns. The estimation of entry costs suggests
that foreign firms have higher entry thresholds than domestic firms in most categories of drugs.
I use estimates from the model to study two issues related to welfare. I simulate the effect
of entry by foreign firms in 11 drugs of the Nervous System and conclude that the free entry
equilibrium was not socially "excessive" in these cases; on the contrary, for 10 of the 11 drugs,
additional entry would generate large benefits for consumers, that would overwhelm the losses
for producers and increase social welfare. In other words, the direction of the divergence between
the free entry equilibria and the constrained social optima for these drugs suggest that entry
behavior in the Indian pharmaceutical industry did not lead to socially inefficient replication
of fixed costs in the pre-TRIPS setting.
Finally, I estimate the effects on different components of social welfare from patent enforce-
ment for four drugs that were under patent in developed nations at the time of the data sample
and conclude that the losses to consumers would be substantial. The model predicts large
losses for consumers that sum up to $5 million and a total reduction in market size of 143,000
patients across the four molecules. In contrast, the gains to foreign producers would be modest,
adding up to approximately $1.08 million for all four molecules considered. Even for the drug
Sertraline, for which the predicted gain in profits is the largest at $0.5 million, the increase in
profits pales in comparison to the costs of developing new drugs, which range between $200
million and $300 million.
The results presented in this paper contribute to the debate surrounding the TRIPs Agree-
ment and the adoption of Western standards of property rights protection by developing coun-
tries. In the context of the global picture, the market size in India is found to be fairly small.
Even in the absence of any price regulation, this small market size translates into modest gains
for foreign producers when their products are granted patent protection in India. The im-
plication of these findings can be interpreted to mean that a dominant effect of the TRIPs
Agreement would be a reduction in consumer welfare, unless the new regime is accompanied
by other changes in the health-care system that would shift some of the burden of medical
expenses away from consumers
1
2.11 Appendix: Robustness Check on Fixed Costs
In this section, I provide a robustness check on the estimated entry thresholds by using a
reduced-form pricing equation to estimate the effect of entry by an additional firm. The pricing
equation has the log of price as a dependent variable and includes the number of firms of
each type on the right-hand side along with a vector of controls X and molecule fixed-effects.
Furthermore, because the prices of "lifestyle drugs" that include the categories of Cardiovascular
and Nervous System drugs might react differently to entry, I estimate this equation separately
for the two categories of drugs for each firm type. The vector of controls include the firm's own
characteristics and the characteristics of its rivals. The estimated equation is the following:
155
Lnpfm = Xjfm/ + ForeignNo + BigDomNo + SmallDomNo + di(i=m) (2.17)
i=1
The vector of controls X includes the characteristics of each firm and the characteristics
of its rivals, both of which would have an effect on the price of the firm's products. I use
molecule-level fixed effects to control for unobserved heterogeneity across molecules that could
produce a systematic positive correlation between higher prices for some drugs and a larger
number of firms in these drugs.
Unlike in the single-product firm model presented in the paper, the market shares for the
reduced-form model do not take into account the feed-back effect of prices. Instead, they are
computed to be the direct effect of increasing the number of firms in a given molecule by one for
each type, holding prices constant. A second disadvantage of the reduced-form model is that
it does not exploit the underlying demand patterns captured by the single-product firm model.
However, I use this model to provide a check on the single-product firm model because it has
the advantage of using data on the actual observed prices. The estimation of equation(2.17)
is presented in Table Al. I estimate a 2% decrease in the price of a small firm's product in
the category of lifestyle drugs and a 1% decrease in the price of a small firm's product in the
category of non-lifestyle drugs. For big domestic firms, I estimate a 5% drop in the price of a big
domestic firm's product in the category of non-lifestyle drugs and a negative but statistically
insignificant effect on the price of a big domestic firm's product in the lifestyle drugs segment
with the addition of another big domestic firm. The effect of adding an additional foreign firms
on either category of drugs is not statistically different from 0.
Table A2 reports the average entry costs implied by the reduced-for pricing equation model
for each of the five therapeutic categories. The two models use different methods to compute
the entry thresholds and therefore, the estimated costs are expectedly different. However,
Table A2 shows that the estimates from the reduced-form pricing method are comparable to
the estimates from the single-product firm model for most cases, which imply that the model
does not stray too far from the data. The one notable case of a significant divergence between
the two models arises in the case of foreign firms in the category of nervous drugs but this can
partly be attributed to the fact that I am not able to capture a precise estimate of the change
in prices when an additional foreign firm enters a molecule in this category.
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TABLE 2: FIRM CHARACTERISTICS, BY FIRM TYPE
Number Total No Total Markets
of Firms of Molecules Covered
BIG DOMESTIC 8 135 30
FOREIGN 20 89 31
SMALL DOMESTIC 187 148 31
(a) BIG DOMESTIC FIRMS
Mean Std Dev Min Max
Avg Number of Molecules Produced 66 17.68 38 85
Avg Number of Markets Covered 25.1 3.6 19 29
Avg Years of Experience in Markets 9.64 4.59 1.46 17.33
(b) FOREIGN FIRMS
Mean Std Dev Min Max
Avg Number of Molecules Produced 7.25 4.86 1 18
Avg Number of Markets Covered 5.7 3.98 1 15
Avg Years of Experience in Markets 7.5 2.33 0 18.5
(c) SMALL DOMESTIC FIRMS
Mean Std Dev Min Max
Avg Number of Molecules Produced 10.6 10.71 1 59
Avg Number of Markets Covered 6.77 4.86 1 25
Avg Years of Experience in Markets 4.75 2.1 0.42 12
TABLE 3: DEMAND ESTIMATION, ALL GROUPS
Table 3(a): Summary Statistics
Variable
LnFirmShare
Price
Lnlngroup
MolAge
FirmExp
BigDom
Foreign
MktPres
FormNo
Branded
Mean
-8.06
11.37
-5.05
12.15
6.83
0.18
0.05
0.39
1.21
0.93
Std. Dev.
2.55
16.4
2.55
8.07
6.43
0.38
0.22
0.22
0.56
0.25
Min
-19.78
0.16
-17.48
0
0
0
0
0.09
1
0
Max
-0.22
112.5
-3.87E-05
36
36
1
1
1
7
1
Table 3(b): Nested Logit Model Estimation
Dep Var: LnFirmShare OLS IV OLS IV
Price -0.04 -0.08 -0.03 -0.07
(0.001) (0.004) (0.001) (0.004)
LnIngroup 0.85 0.44 0.87 0.49
(0.007) (0.026) (0.006) (0.037)
MolAge 7.70E-03 -0.03 0.01 -0.03
(0.002) (0.003) (0.002) (0.003)
FirmExp -0.01 0.03 -0.01 0.02
(0.002) (0.004) (0.002) (0.005)
BigDom -0.06 0.32 0.01 0.47
(0.043) (0.065) (0.041) (0.066)
Foreign 0.08 1.37 0.08 0.85
(0.079) (0.110) (0.075) (0.104)
MktPres -0.05 0.82 -0.24 0.6
(0.077) (0.109) (0.074) (0.115)
FormNo 0.55 1.05 0.54 0.95
(0.029) (0.051) (0.029) (0.042)
Branded 0.19 0.84 0.22 0.81
(0.061) (0.084) (0.058) (0.081)
Therapeutic Gr. FE No No Yes Yes
F, First-Stage (Price) 150.57 254.71
F, First-Stage (Lnlngroup) 174.63 114.95
No of Obs 6925 6925 6925 6925
TABLE 4: DEMAND ESTIMATION, ALIMENTARY SYSTEM AND METABOLISM
Table 4(a): Summary Statistics
Variable
LnFirmShare
Price
LnIngroup
MolAge
FirmExp
BigDom
Foreign
MktPres
FormNo
Branded
Mean
-7.63
5.10
-5.04
10.05
5.29
0.18
0.04
0.43
1.02
0.94
Std. Dev.
2.58
5.24
2.42
6.63
5.34
0.38
0.20
0.23
0.14
0.23
Min
-17.26
0.23
-16.06
0
0
0
0
0.14
1
0
Max
-1.31
38.19
-3.87E-05
31
31
1
1
1
2
1
Table 4(b): Nested Logil
Dep Var: LnFirmShare
Price
LnIngroup
MolAge
FirmExp
BigDom
Foreign
MktPres
FormNo
Branded
F, First-Stage (Price)
F, First-Stage (LnIngroup)
Number of Obs
t Model Estimation
OLS
-0.14**
(0.005)
0.92***
(0.012)
-0.006
(0.004)
0.01"***
(0.005)
0.12*
(0,.075)
0.16
(0.162)
-0.42***
(0.122)
0.56***
(0.181)
-0.34***
(0.117)
1387
IV
-0.10**
(0.027)
0.21**
(0.102)
-0.07***
(0.010)
0.13***
(0.018)
0.53***
(0.141)
0.91***
(0.242)
0.53*
(0.313)
1.1 1***
(0.327)
0.62***
(0.237)
93.12
31.89
1387
*** , **, * denote significance at the 1%, 5%, 10% levels
of significance respectively
TABLE 5: DEMAND ESTIMATION, CARDIOVASCULAR SYSTEM
Table 5(a): Summary Statistics
Variable
LnFirmShare
Price
Lnlngroup
MolAge
FirmExp
BigDom
Foreign
MktPres
FormNo
Branded
Mean
-8.24
7.43
-4.7
10.46
7.46
0.26
0.06
0.31
1.04
0.99
Std. Dev.
2.68
6.56
2.82
6.02
6.39
0.44
0.24
0.15
0.2
0.08
Min
-19.78
0.33
-14.67
0
0
0
0
0.14
1
0
Max
-2.28
79.99
7.61E-05
36
36
1
1
0.8
2
1
Table 5(b): Nested Logit Model Estimation
Dep Var:LnFirmShare
Price
LnIngroup
MolAge
FirmExp
BigDom
Foreign
MktPres
FormNo
Branded
F, First-Stage
F, First-Stage
No of Obs
OLS
-0.06***
(0.006)
0.85***
(0.018)
4.20E-03
(0.008)
0.01
(0.009)
0.15
(0.119)
-0.19
(0.184)
-2.19***
(0.308)
-0.13
(0.210)
-0.90*
(0.494)
(Price)
(Lnlngroup)
810
IV
-0.07***
(0.016)
0.24***
(0.067)
-0.04***
(0.013)
0.10***
(0.016)
1.41"**
(0.223)
1.56***
(0.333)
-1.77 ***
(0.478)
0.42
(0.328)
-0.93
(0.762)
79.03
27.68
810
5%, 10% levels*** , **, * denote significance at the 1%,
of significance respectivelyv A
TABLE 6: DEMAND ESTIMATION, SYSTEMIC ANTI-INFECTIVES
Table 6(a): Summary Statistics
Mean
-8.81
21.33
-5.44
14.16
7.24
0.13
0.04
0.39
1.5
0.87
Std. Dev.
2.37
22.3
2.45
7.71
6.20
0.36
0.19
0.21
0.81
0.33
Min Max
-19.78
0.57
-17.48
0
0
0
0
0.1
I
0
-0.71
112.58
-5.36E-05
33
33
1
1
I
7
1
Table 6(b): Nested Logit Model Estimation
Dep Var: LnFirmShare
Price
Lnlngroup
MolAge
FirmExp
BigDom
Foreign
MktPres
FormNo
Branded
F, First-Stage (Price)
F, First-Stage (Lnlngroup)
No of Obs
*** , **, * denote significance at the
of significance respectively
1%, 5%, 10% levels
Variable
LnFirmShare
Price
LnIngroup
MolAge
FirmExp
BigDom
Foreign
MktPres
FormNo
Branded
OLS
-0.02***
(0.001)
0.88***
(0.010)
0.02***
(0.003)
-0.02***
(0.004)
-0.13**
(0.062)
-0.19*
(0.105)
-0.20*
(0.123)
0.46***
(0.028)
0.29***
(0.067)
2463
IV
-0.04***
(0.002)
0.41***
(0.041)
-0.02***
(0.005)
5.40E-04
(0.006)
0.25***
(0.092)
0.29**
(0.152)
1.24***
(0.199)
0.88***
(0.047)
0.63***
(0.097)
221.36
58.19
2463
L·*
TABLE 7: DEMAND ESTIMATION, MUSCULO-SKELETAL SYSTEM
Table 7(a): Summary Statistics
Mean
-7.56
2.55
-5.66
9.27
6.19
0.15
0.03
0.40
1.03
0.95
Std. Dev.
2.32
1.86
2.33
7.69
6.38
0.35
0.17
0.23
0.19
0.21
Min
-16.53
0.29
-14.73
0
0
0
0
0.14
1
0
Max
-1.99
15.4
-0.08
30
30
1
1
1
2
1
Table 7(b): Nested Logit Estimation
Dep Var:LnFirmShare
Price
Lnlngroup
MolAge
FirmExp
Bigdom
Foreign
MktPres
FormNo
Branded
F, First-Stage (Price)
F, First-Stage (LnIngroup)
No of Obs
Variable
LnFirmShare
Price
LnIngroup
MolAge
FirmExp
Bigdom
Foreign
MktPres
Form no
Branded
OLS
-0.21***
(0.016)
0.93***
(0.014)
-0.03***
(0.005)
-0.01 ***
(0.006)
0.19**
(0.098)
0.25
(0.165)
-1.05'***
(0.150)
-0.13
(0.159)
0.49***
(0.146)
914
IV
-0.42***
(0.061)
0.34***
(0.101)
-0.05***
(0.013)
0.04***
(0.015)
0.52***
(0.183)
0.85***
(0.314)
0.42
(0.346)
0.43
(0.310)
1.30***
(0.278)
74.59
14.12
914
*** , **, * denote significance at the 1 %, 5%, 10% levels
of significance respectively
Table 7(a): Summary 
Statistics
TABLE 8: DEMAND ESTIMATION, NERVOUS SYSTEM
Table 8(a): Summary Statistics
Mean
-7.36
8.01
-4.15
13.61
7.73
0.28
0.03
0.40
1.07
0.97
Std. Dev.
2.56
11.01
2.53
9.87
7.53
0.44
0.18
0.22
0.29
0.16
Min
-18.95
0.16
-16
0
0
0
0
0.09
1
0
Table 8(b): Nested Logit Model Estimation
Dep Var: LnFirmShare
Price
LnIngroup
MolEntry
FirmEntry
BigDom
Foreign
MktPres
FormNo
Branded
F, First-Stage (Price)
F, First-Stage (LnIngroup)
No of Obs
*** , **, * denote significance at
of significance respectively
the 1%, 5%, 10% levels
Variable
LnFirmShare
Price
LnIngroup
Mol_entry
Firm_entry
Bigdom
Foreign
MktPres
Form no
Branded
Max
-0.22
110.95
-7.50E-03
34
34
1
1
1
3
1
OLS
-0.04***
(0.003)
0.83***
(0.017)
0.01**
(0.004)
-9.50E-04
(0.005)
0.31"**
(0.093)
0.53***
(0.210)
-0.79***
(0.174)
0.88***
(0.131)
0.74***
(0.226)
1351
IV
-0.13***
(0.019)
0.68***
(0.059)
7.40E-03
(0.006)
0.01
(0.008)
0.63***
(0.135)
2.34***
(0.395)
0.05
(0.262)
1.32***
(0.181)
1.08"**
(0.289)
13.60
37.04
1351
TABLE 9: ELASTICITIES OF DEMAND, BY INDICATION GROUP
Indication Group
ANTI-BACTERIAL
ANTI-EMETIC
ANTI-PARKINSON'S
ANTI-PSYCHOTIC
ANTI-VIRAL
ANTI-ANXIETY
ANTI-RHEUMATIC
ANTI-DEPRESSANT
ANTI-DIABETIC
ANTI-EPILEPTIC
GASTROPROKINETIC
ANTI-HYPERTENSIVE
ANTI-INSOMNIA
ANTI-ULCERANT
Table 9(a): Own-Price Elasticity of Demand
Obs Mean Std Dev Min
2451 -1.13 1.18 -0.03
216 -1.43 0.99 -0.21
67 -2.06 4.31 -0.03
261 -1.73 1.81 -0.20
12 -1.12 0.36 -0.67
289 -1.10 1.94 -0.03
914 -1.49 1.08 -0.18
405 -1.37 1.03 -0.16
356 -0.61 0.39 -0.08
245 -2.48 2.76 -0.18
157 -1.00 0.65 -0.13
810 -0.66 0.58 -0.02
84 -0.62 0.37 -0.15
658 -0.30 0.21 -0.03
Max
-6.05
-4.83
-17.83
-13.96
-1.77
-23.36
-9.12
-6.55
-2.45
-18.91
-2.45
-7.15
-1.12
-1.10
TABLE 9 (contd): ELASTICITIES OF DEMAND, BY INDICATION GROUP
Table 9(b): Cross-Price Elasticity of Demand, Inter-Molecule
Indication Group
ANTI-BACTERIAL
ANTI-EMETIC
ANTI-PARKINSON'S
ANTI-PSYCHOTIC
ANTI-VIRAL
ANTI-ANXIETY
ANTI-RHEUMATIC
ANTI-DEPRESSANT
ANTI-DIABETIC
ANTI-EPILEPTIC
GIASTROPROKINETIC
ANTI-HYPERTENSIVE
ANTI-INSOMNIA
ANTI-ULCERANT
Obs
2451
216
67
261
12
289
914
405
356
245
157
810
84
658
Mean
0.02
0.03
0.48
0.10
0.10
0.04
0.02
0.09
0.01
0.20
0.01
0.02
0.04
3.51E-03
Std Dev
0.05
0.02
1.52
0.13
0.06
0.15
0.05
0.14
0.02
0.34
0.01
0.04
0.04
7.66E-03
Min
4.43E-06
1.78E-04
7.58E-04
0.01
0.06
5.72E-03
2.24E-03
5.38E-03
5.52E-04
2.78E-04
2.43E-03
1.08E-05
1.01E-03
5.49E-06
Max
0.97
0.11
7.83
1.74
0.30
1.74
0.41
1.24
0.18
2.20
0.10
0.68
0.22
0.12
Table 9(c): Cross-Price Elasticity of Demand, Intra-Molecule
Indication Group Obs Mean Std Dev Min Max
ANTI-BACTERIAL 2451 0.001 0.004 1.98E-04 0.079
ANTI-EMETIC 216 0.006 0.002 0.003 0.008
ANTI-PARKINSON'S 67 0.005 0.004 2.58E-04 0.018
ANTI-PSYCHOTIC 261 0.003 8.14E-04 0.002 0.006
ANTI-VIRAL 12 0.025 0.012 0.020 0.050
ANTI-ANXIETY 289 0.002 3.47E-04 0.001 0.002
ANTI-RHEUMATIC 914 0.002 5.20E-04 0.002 0.004
ANTI-DEPRESSANT 405 0.002 3.54E-04 0.001 0.002
ANTI-DIABETIC 356 0.003 0.006 5.43E-04 0.050
ANTI-EPILEPTIC 245 0.014 0.002 0.01 0.020
GASTROPROKINETIC 157 0.002 8.88E-04 9.61E-04 0.004
ANTI-HYPERTENSIVE 810 0.001 0.002 3.68E-04 0.012
ANTI-INSOMNIA 84 0.005 0.002 0.002 0.007
ANTI-ULCERANT 658 9.41E-04 3.82E-04 2.34E-04 0.001
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TABLE 18: PATENT ENFORCEMENT FOR SERTRALINE
MOLECULE
Pre-Patent
NUMBER OF FIRMS
Post-Patent*
Sertraline
BigDom
Foreign
Small
Other SRI's
Citalopram
Escitalopram
Fluoxetine
Fluvoxamine
Paroxetine
BigDom
Small
BigDom
Small
BigDom
Small
BigDom
Foreign
BigDom
Small
Reboxetine
BigDom
Small
Consumer Surplus**
Profit**
Welfare**
(1) (2)
3
1
791.13
112.46
903.59
3
1
741.17
156.84
898.01
3
1
746.22
150.54
896.76
*(1) reports originalfirm numbers for other molecules, (2) reports
firm numbers adjusting for a new equilibrium
**in Rs Million
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TABLE A2: ESTIMATED ENTRY COSTS AND TOTAL PROFIT, PRICING-EQUATION MODEL*
Alimentary System
Entry Cost Total Profit**
Obs Mean Std Dev Mean Std Dev
BigDom 64 4.17 3.33 3.13 13.62
Foreign 45 5.32 7.18 3.03 14.97
SmallDom 68 0.65 0.4 0.27 0.85
Cardio Vascular System
Entry Cost Total Profit**
Obs Mean Std Dev Mean Std Dev
BigDom 65 15.61 13.51 4.79 17.27
Foreign 46 23.18 11.39 7.74 20.21
SmallDom 69 1.15 0.88 0.58 2.12
Systemic Anti-Infectives
Entry Cost Total Profit**
Obs Mean Std Dev Mean Std Dev
BigDom 80 3.81 2.94 1.01 2.61
Foreign 69 6.11 6.73 2.85 12.62
SmallDom 88 3.16 4.37 0.82 3.94
Musculo-Skeletal System
Entry Cost Total Profit**
Obs Mean Std Dev Mean Std Dev
BigDom 29 3.61 0.43 1.54 3.58
Foreign 17 3.75 1.55 0.22 2.18
SmallDom 29 0.81 0.13 0.51 1.04
Nervous System
Entry Cost Total Profit**
Obs Mean Std Dev Mean Std Dev
BigDom 131 4.59 4.13 1.04 4.82
Foreign 59 14.37 21.35 8.74 12.65
SmallDom 140 0.7 0.5 0.11 0.56
*In Rs Million
**Total Profit= Variable Profit-Entry Cost
Chapter 3
Do Early Entrants Retain an
Advantage? Order-of-Entry Effects
in Pharmaceutical Products Markets
in Indial
3.1 Introduction
There has been significant interest in the ability of firms to use their pioneering status to
wield long-term competitive advantages. An early-mover advantage could be generated when
at the stage of entry into a market, some form of asymmetry between firms allows particular
firms to gain a head start over other firms. Once this initial advantage is created, a variety of
mechanisms allow these early movers to exploit their positions as pioneering firms. This paper
uses data on entry into pharmaceutical products markets in India to examine whether a firm's
order of entry into a market allows it to earn positive economic profits in the long run.
'I am indebted to Glenn Ellison and Nancy Rose for their advice and support. I am grateful
to Saugato Datta, Ivan Fernandez-Val, Domnique Olie Lauga and Jeff Wilder for many helpful
discussions on this project. I also thank Karna Basu, Paula Bustos, Dave Matsa and participants
at the MIT Industrial Organization for useful comments. Finally, I would like to acknowledge
the data assistance provided by Tina Khadloya and Gauri Pathak of ORG-IMS and the financial
support from the MIT George C. Shultz Fund.
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Lieberman and Montgomery (1988) discuss some of the important factors that confer ad-
vantages on first-mover firms. One of the most common ways in which an early entrant could
benefit from its timing of entry is technological leadership sustained by such firms either because
of proprietary "learning" or because these firms are able to gain over others in patent or R&D
races. Spence (1981) shows that proprietary learning can form barriers to entry when a very
small number of firms are able to compete profitably. Empirical evidence of the same is provided
by Ghemawat (1984) in the case of Dupont's development of an innovative process for titanium
dioxide, and by Porter (1981), who provides evidence of Procter and Gamble's sustained ad-
vantage in the US disposable diapers industry. Similarly, Shaw and Shaw (1984) discuss the
case of late entrants failing to gain significant market shares in the European synthetic fiber
market.
When technological advantage is largely a function of R&D expenditures, pioneers can gain
an advantage if technology can be patented. Examples of theoretical models on patent-race are
Gilbert and Newberry (1982), Reinganum (1983) and Fudenberg et al (1983). These papers
conclude that successful patenting by the leader depends on the stochastic nature of the R&D
process and on the inability of followers to jump ahead of the incumbent. Empirical evidence of
sustained market power for patent-holders are concentrated mostly around the pharmaceutical
industry, with other notable applications of this idea being Bresnahan's (1985) work on Xerox's
use of patents as an entry barrier and Robinson's (1988) study of industrial goods industries
that showed that pioneer firms benefit from patents or trade secrets to a significantly greater
extent than followers.
A second mechanism that facilitates an early-mover advantage is through the preemption
of assets, which could be a result of the early-mover gaining control over a scarce input factor
and consequently earning pure economic rents or because the early-mover preempted location
in geographic or characteristics space. The theory of spatial preemption was developed, among
others, by Prescott and Visccher (1977), Schmalensee (1978), Rao and Rutenberg (1979) and
Eaton and Lipsey (1979, 1981). The basic idea is that the most attractive product spaces are
occupied by incumbents and that this could have the effect of limiting profitable entry locations
for later entrants. Empirical evidence on the successful use of spatial preemption as a business
strategy is mixed. Johnson and Parkman (1983) find no evidence of sucessful geographical
preemption in the U.S. cement industry while Glazer (1985) finds no difference in the survival
rates between first and second-mover firms in local newspaper markets in Iowa. On the other
hand, Ghemawat (1986) finds evidence of effective geographic preemption by Wal-Mart by its
strategy of targeting contiguous regions in small southern towns in the US and Robinson and
Fornell (1985) find that pioneers retained advantages over imitators in their study of a set of
consumer goods industries.
Yet another factor that could allow firms to maintain a first-mover advantage is the existence
of buyer switching costs, owing either to intial transactions costs borne by consumers or because
of uncertainty about the product quality of later entrants. Brand loyalty of this sort may be
particularly strong for low-cost convenience goods where the benefits of finding a superior
brand are seldom great enough to justify additional search costs (Porter, 1976) or if consumers
are sufficiently risk-averse about the product that experimenting with a later brand becomes
unappealing.
There are several reasons why one might expect to find such order of entry effects in the
pharmaceutical industry. First, the critical nature of the product could lead to concerns about
product quality. In this environment, if an early mover is able to establish a reputation for
quality with buyers, they may be able to hold on to a loyal consumer base, even after entry
by new firms. The relationship between prices of drugs and the number of sellers of varying
degrees of perceived quality could be different from that for other products if the nature of
the product leads some quality-conscious consumers to place a very high premium on pioneer
products. Second, since competing products that are made of the same chemical compound
are de facto homogeneous, most differentiation in this industry occurs through branding by
firms. This feature of the industry raises the possibility that firms may attempt to differentiate
themselves as more reputable first entrants if they could profitably enter into markets before
other firms.
In the West, the system of patenting new pharmaceutical products grants a legal provi-
sion for granting a first-mover advantage to the pioneer (or, branded) product. In a product
patent regime, such as in the U.S., pioneer products could gain substantial credibility among
consumers as the innovator of the product. Several studies on pharmaceutical products have
focussed on this question in the context of the pharmaceutical industry in the U.S., where the
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patent holder is typically shown to be able to hold on to such a base of loyal consumers, even
after entry by generic makers of the same drug. Frank and Salkever (1992), Caves et al (1991)
and Grabowski and Vernon (1992) find theoretical and empirical support for a "market seg-
mentation" hypothesis, where entry by generics allows the branded firms to increase prices for a
loyal group of price inelastic brand-name consumers. Demand estimation models of U.S. phar-
maceutical products markets such as Ellison et al (1997) and Stern (1996) find that cross-price
elasticities between branded and generic versions of the same chemical compound are lower
than those between generic versions of the compound. These studies lend further support to
the idea that consumers perceive differences among branded and generic versions of the same
pharmaceutical product, even though the products are chemically identical.
This paper looks for order-of-entry effects on both prices and revenues for a cross section
of firms in the Indian pharmaceutical industry. The pharmaceutical industry in India presents
a contrast to similar industries in the West, in that there were no patents on products until
2005. Free entry in the industry allowed multiple firms to compete for a share in the market
for the same drug. Another source of difference between the pharmaceutical industry in the
U.S.and the Indian case is that during the sample period, patents were granted on the process
of manufacturing rather than the product. This has two important effects in the this current
context. First, process patents provided little incentive for firms to undertake their own R&D
(domestic R&D was less than 1% of total costs) and most products were created through the
process of "reverse engineering" of drugs that were already invented in the West. In this sense,
there is no real "innovator" of any given product in this industry. Second, because the industry
revolved around this principle of "reverse engineering", new products can be thought of as
arriving "exogenously" for launch in India, once they were developed elsewhere. This fact
simplifies the firm's decision to enter into a specific products market, since it is never required
to invest a significant amount of money into R&D expenditure before it is able enter a new
products market. Even though the Indian pharmaceutical industry is associated with no real
innovation, it is different from the generic pharmaceutical industry in may other countries in
that products are typically sold by a brand name, rather than simply the generic name of the
active pharmaeceutical ingredient (API). Evidence of brand differentiation is found in the fact
that price dispersion between brands that contain the same API is very common, in an industry
where the marginal cost of producing a specific drug is believed to be very low and roughly
similar for all firms.
Because the products in the industry are likely to induce first-mover effects and because
the system of process patents ensures that this is not an automatic legally-enforced advantage,
the pharmaceutical industry in India makes for an interesting setting in which to look for early
mover advantages. In this paper, I estimate the returns to a firm's order of entry in two ways.
In the first part of the paper, I estimate a firm's return to its order of entry, without accounting
for the endogeneity of the choice of the order of entry, but controlling for firm heterogenity
by firm characterictisic and fixed effects. I find that firms that enter before others have both
higher long-run prices and higher long-run revenues. I also find that while the order of entry
and the time spent by a firm in the production of a molecule are important determinants of
price and revenue, this effect diminishes both with time and as more firms enter. In the second
part of the model, I present a reduced-form model of the choice a firm's choice of order of entry
and make further corrections for unobserved heterogeneity among firms by adding selection
bias correction terms computed from the reduced-form entry equation in the main outcome
equations of interest.
This procedure finds evidence of selection bias, with estimates suggesting that unobservable
firm-specific factors associated with later entrants translates into lower revenues for them. Al-
lowing for selction makes the pure effect of the order of entry on revenue and prices stronger.
The results indicate that the direct effect of the order of entry on revenue translates into a
22% difference in the revenue between the first entrant and the second entrant. Because the
effect of the order of entry decreases as we add more firms to the market, this differences in
revenue decreases to 21% between the fifth and the sixth entrant and 20% between the tenth
and the eleventh entrant. The direct effect of the order of entry allows the first entrant to earn
a revenue that is 2.3 times larger than the revenue of the fifth entrant and 6 times larger than
the revenue of the tenth entrant.
The rest of the paper proceeds as follows. Section 1 describes the data and sample used in
this paper. Section 2 describes the basic model and Section 3 reports results from this model.
Section 5 describes sample selection issues associated with estimating order-of-entry effects and
outlines the selection model. Section 6 describes the results from the estimation of the selection
model. Section 7 concludes.
3.2 Data
Data Sources:
The primary source of data for this paper are the retail pharmacy audits of ORG-IMS,
India's best-known market research firm for pharmaceuticals. The audit provides detailed
product-level information - estimates of quarterly retail sales, price, dosage form, launch dates,
brand name, active pharmaceutical ingredient, therapeutic categorization - on all pharmaceu-
tical products sold in India by 300 of the largest firms in India. The coverage of the audit is
extensive, reaching a representative panel of thousands of retail chemists in over 350 cities and
towns in India.
Drugs that treat the same indications can often be further classfied into narrower categories,
based on their chemical porperties. These chemical similarities make these drugs likely to be
assigned for more specific symptoms of the same general indication and therefore, make these
drugs better substitues for each other. In this sense a relevant group of close substitute prod-
ucts, or "markets", might consist of moelcules belonging to the same pharmacological group,
rathern drugs that are simply used to treat the same indication. In order to be able to group
molecules into these groups, additional data on the pharmacological properties of the molecules
in the sample is collected from the medical handbook Drug Facts and Comparisons and other
similar online sources. Figure 1 displays the nested market structure of pharmaceuticals prod-
ucts markets. At the top of the tree structure is the broad therapeutic classification to which
the molecule belongs. In this particular example, the therapeutic classification is drugs that
treat CardioVascular diseases, which can be further divided into different indication groups,
such as Hypertension and Hyperlipidemia. Anti-hypertensive drugs, in turn, have several sub-
categories which are adminstered to different sets of people and for different symptoms, that
are all associated with hypertension. In the exmaple in Figure 1, drugs can either fall into the
pharmacological grouping of AlphaBlockers or Betablockers.
Finally, information on the daily dosage and length of treatment of the different drugs in
the sample are collected form the same medical sources and are used to contruct a standardized
measure of the price of the product, which is defined as the average price charged by a firm for
a daily dose of the drug.
Sample:
I restrict attention to only oral systemic forms of presentation for single-ingredient products.
I focus on these products because the firms in my sample are found to launch multiple-ingredient
products only after having entered the market for each of its individual constituents, whenever
possible. This makes the pool of potential entrants - and therefore, the entry decision - for such
products potentially very different from that for individual molecules.
I leave out injectable dosage forms because oral systemic forms are likely to have been
purchased in different settings than injectables, which are usually administered in hospitals.
Finally, because the the order of entry might have very different effects on the outcome variables
of interest for molecules that are significantly older than other molecules, I drop from the sample
all molecules that were launched before 1980.
Tables 1(a) presents some descriptive statistics of the sample. The dataset consists of 2255
firm-molecule level observations.on 203 firms spread across 106 prescription drugs in 5 different
therapeutic categories for the year 2003. There are 26 pharmacological groups in these 5
therapeutic categories, where pharmacological groups are as described in Figure 1. The total
number of firm-pharmacological group combinations in the sample is 1587.
3.3 The Basic Model
In this section, we check for the existence of early-mover advantages, using firm characteristics
and firm-level fixed effects to control for firm heterogeneity. The typical specification that is
estimated in this section is as follows:
log yjm = aEntryOrderjm + XjmP + 6Zm + ejm (3.1)
where yjm is the outcome variable for firm j in molecule m. The two outcome variables con-
sidered in this paper are LogRevjm, the revenue earned by firm j in molecule m for the year
2003 and Log Pr icejm, the price per daily dose charged by firm j for molecule m. Xjm is a
vector of firm and firm-molecule specific variables that are potentially important in explaining
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a firm's revenue and prices for that molecule and Zm are molecule characteristics that control
for average differences in prices and revenue across different molecules.
The explanatory variables that are included in the revenue and pricing regressions are varied
to assess the importance of different factors in the outcome equations. The most important
variable in the current context is the variable EntryOrder, which starts at the value of 1 for
the first entrant into a market and takes higher values for later entrants. A quadratic term
in the order of entry, EntryOrder_Sqd, is also included in some specifications to check for
second-order effects of the order of entry on the two outcome variables. While a firm may
benefit from simply entering a market before other firms, this effect is also likely to depend on
how much time the firm has spent in the product market, over and above the pure order of
entry effect. In order to check for the existence of this additional source of market power, I also
include two time-related variables EntryYears, which is the number of years a firm has spent
in the molecule (calculated as the difference between the current year and the year in which
the firm entered this molecule) and the corresponding quadratic term, EntryYears_Sq.
Other firm-level explanatory variables used are the two dummy variables BigDom and
Foreign. Bigdom takes the value 1 for the 10 biggest firms in the Indian industry and 0 for
all other firms. These 10 firms have significant presence in every single therapeutic category in
the Indian pharmaceutical industry and are more recognizable by their brand name. Similarly,
the variable Foreign takes the value 1 for the 20 firms of foreign origin and 0 for all other
firms. Both these variables are important because the bigger domestic and foreign firms are
considered to be more reputable firms in the industry and are therefore, likely to be able to
exercise greater market power, independently of their order of entry.
PharExp, is a measure of the number of years of experience the firm has in the pharma-
cological group to which the molecule belongs. It is calculated as the difference between the
current year and the first year in which the firm in question made an appearance in the relevant
pharamcological group. Branded takes the value 1 if the firm sells a branded version of that
molecule and 0 otherwise. Finally, MolAge is a measure of the number of years the molecule
has been in existence in the industry. In later specifications for the two outcome variables, I
employ fixed effects at the molecule level, the firm level or the firm-pharmacological group level.
3.4 Results from the Basic Model
Tables 2 to 7 present the results of the regression of LogRev and LogPrice on EntryOrder,
controlling for the effect of firm and molecule characteristics on prices and revenue in different
ways.
In the simplest specifications that are estimated in columns (1) and (3) of Table 2, Log Re v
is regressed on the variables EntryOrder and EntryOrder_Sqd to check for the simple cor-
relation between the two variables. EntryOrder picks up a negative sign, implying that firms
that enter later (and therefore take on higher values of EntryOrder) have lower revenues. How-
ever, the quadratic effect is positive which means that this effect decreases as more firms enter.
Controlling for firm and molecule characteristics in columns (2) and (4) of Table 2 reduces this
negative effect of the order of entry on revenue. The signs of the other explanatory variable
go in the expected direction, with bigger domestic and foreign firms receiving a higher revenue
than other smaller domestic firms and firms with greater market experience, branded firms and
newer molecules commanding higher revenues.
Table 3 introduces fixed effects at the molecule level in all six specifications and alternatively
employing firm characteristics, firm fixed effects and firm-pharmacological group fixed effects
to control for firm-level heterogeneity. In all six specifications, EntryOrder continues to have
a negative effect on revenue. In the three specifications which include the quadratic term,
EntryOrder_Sqd,the variable picks up a positive sign. Using fixed effects instead of firm
characteristics does not seem to change the order of entry coefficients significantly. When
quadratic effects are not included, the estimates suggest a difference in revenue of 6% between
consecutive entrants. However, adding the quadratic terms means that the difference in revenue
between and earlier entrant and a latr entrant depends on the specific order of entry chosen by
the firm. Results from columns (2), (4) and (5) suggest that the pure effect of the order of entry
allows the first entrant to earn a revenue that is 14% higher than the revenue of the second
entrant. while the fifth entrant earns a revenue that is 10% higher than the next entrant. As
we go further down in the order of entry, the estimates imply that the tenth entrant earns a
revenue that is only 4% higher than the next entrant, owing to the order of entry alone. The
direct effect of the order of entry is to allow the first entrant to earn 1.7 times the revenue as
the fifth entrant and 3.2 times the revenue of the second entrant.
In Table 4, the time spent by a firm in the molecule, measured by the variable EntryYears,
is added to the analysis. EntryOrder continues to have a negative effect on revenue, while
EntryYears is estimated to have a positive effect on revenue. This means that on average,
the longer a firm has spent selling a particular drug, the greater its long-term revenue from the
drug. The quadratic term EntryOrder_Sqd is positive and significant in all four specifications
in Table 4, implying that the effect on revenue for later entrants diminishes as the number
of entrants gets larger. The coefficient on EntryYears Sqd is negatively signed in column
(1), implying a similar diminishing effect of time since entry on revenue. However, it is not
statistically significant in three out of the four specifications reported in the table. In columns
(2) and (4), an interaction term EntryOrder* EntryYears is added to the specification. In both
cases, the interaction term picks up a positive and statistically significant coefficient, implying
that the number of years spent in a market makes a greater positive difference to the revenue
of later entrants, in order terms, into product markets.
Tables 5 to 7 considers the effect of EntryOrder on the log of prices. In Table 5, firm and
molecule characteristics are used to control for heterogeneity at the firm and moelcule levels.
In all four specifications in Table 5, EntryOrder has a negative effect on the LogPrice, while
the quadratic term EntryOrderSqd is positive in both the specifications in which it is used.
In Table 6, fixed effects are used to control for heterogeneity at the molecule and firm level.
EntryOrder has the familiar negative sign in all six specifications. The second-order effect
measured by the variable EntryOrder_Sqd is statistically significant in only one out of the
three specifications in which it is used. Finally, Table 7 looks at the effect of both time since
entry and the order of entry on the prices set by a firm for a given molecule. The results for prices
are weaker than the results found for revenue in Table 4. While the coefficient of EntryOrder
is negative and statistically siginificant in three out of the four specifications, EntryYears has
a positive and statistically coefficient in only two out of the four specifications. The interaction
term is positive and significant in column (2), which uses firm and molecule fixed effects but is
no longer statistically significant in column (4), where molecule fixed effects are combined with
firm-market fixed effects.
3.5 Model with Sample Selection
The results presented in the above section show strong correlations between the order in which
a firm enters a market and the price and revenue it receives for its product in the longer
run. A potential concern with the results of the above section is the endogeneity in the market
structure. As discussed in the introduction, part of the decision to enter early or late depends on
constraints faced by each firm that is a function of the observable characteristics of these firms
as well as factors that affect a firm's entry decision but are unobservable to the econometrician.
To the extent that this unobservable component is not captured by fixed effects, even at the
firm-market level, it could ultimately be correlated with a firm's ability to exercise market
power in the longer run. In this sense, if the choice of a firm's order of entry is endogenous,
this would mean that the sets of firms that choose different orders of entry do not constitute
random samples and cannot be compared to each other.
A large literature2, especially in the field of labor economics, looks at the issue of sample
selection bias in quantal choice models. Much of the focus of this literature has been the
estimation of the return to a particular choice or decision. The issue of selectivity bias first
arose in context of the determinants of wages and supply behavior of women (Gronau 1974.
Heckman 1974). The typical problem dealt with the situation where the observed data on
wages was generated by a non-randomly selected sample of women who chose to enter the
workforce. If this is not a randomly selected sample, the average characteristics, in terms of both
observable and unobservable factors, of the working sample could be different than the average
characteristics of the entire population of women. In this particular case, sample selection bias
arises when some component of the work decision is relevant to the wage determining process.
In general, selection bias arises because the decision variable, that is a dependent variable in
the outcome equation of interest, is not exogenous and maximization by agents truncates the
underlying disturbances of the equations so that the sample of individuals who make each choice
is nonrandom3 .
2For a survey on the literature, see Vella (1998).
3Lee (1978) extended the literature on selection bias corrections by estimating the return to union membership,
where the data now consisted of two sets of selected samples, union workers and non-union workers. Idson and
Feaster (1990) further modify this approach in their investigation of wage differentials among employees who
chose to work for firms of different sizes, using multiple categories of employer-sizes as a depenedent variable in
the wage regressions.
In the current context, it is important to note that a firm's choice of order of entry is the
result of a process of optimization firms, where firms first enter markets where they are likely
to have a comparative advantage. This means that firms will sort into different orders of entry
in different markets, based on both attributes that are observable and other factors that are
unobservables.For example, a firm that has a stronger reputation in a particular therapeutic
category will be more inclined to undertake the risk associated with early entry into a new drug
in that therapeutic category. While we may be able to construct some proxies for the firm's
greater standing in the therapeutic category, any residual component of this reputation that
affects a firm's choice of entry order could translate into higher prices and revenue in the long
run. In this sense, it is not the order of entry as much some unobservable characteristic of the
firm that affects both its entry decision and its long-run price or revenue.
A similar argument holds true in analyses relating profits to market concentration where
the early litearure regressed measures of profits on measures of market concentration and trated
positive correlations between the two variables to mean that firms earned higher profits if they
faced fewer competitiors. Demsetz (1974) provided a critique of this litearature by arguing
that even if a positive correlation between economic profits and concentration could be estab-
lished, the direction of causation would be called into question if a highly concentrated market
comprises of firms that have superior capabilities. In order to get around this problem of en-
dogeneity of entry and market structure, Mazzeo (2002) uses a selection model to estimate
the competitive effects of concentration and differentiation in a cross-section of oligopoly motel
markets located among US interstate highways.
In this our present case, the order of entry is treated as a continuous decision variable
where each firm chooses to enter at time different points at each molecule-level market, which
leads to different long-term realizations of revenues and prices. The treatment of the sample
selection problem in this paper is most similar to Garen (1984), who considers the case where
the endogenous decision variable is the years of schooling of a particular individual and the
outcome variable is the individual's wage. 4 .
4 As noted in the introduction, R&D and the development of truly novel therapies is not a priority in this
industry. Therefore, the entry decision can be modelled as if new products appear exogenously for introduction
in the industry and a firm simply makes the optimal choice of when it should enter this market..
3.5.1 Determination of Long-Term Profits
Suppose y (in this case, LogRev and LogPrice) denotes the return to each choice of z ( the
EntryOrder chosen by a firm). Suppose also that z can take on a range of values from 1 to n. In
addition to depending on z, y is also partially determined by a number of other variables, such as
observable firm and molecule characteristics and an unobservable component. An early-mover
advantage means that the long-run price or revenue of a firm j in a given molecule is potentially
different for every possible value of EntryOrder it could have chosen for that molecule. This
gives us a system of equations that map the return y of a firm j to each realization of z.
Ylj = al + blxlj + elj for z = 1
Y2j a2 + b2x2j + E2j for z = 2
and so on until,
Ynj = an + bnxnj + enj for z = n (3.2)
where the es represents unobserved heterogeneity for each choice of z. The vector of regressors
x consists of the firm characteristics used in previous section, BigDom, Foreign, PharExp
and Branded. As before, molecule-level fixed effects are used to soak up factors such as the
age of the molecule that are important determinants of price and revenue but are common to
all firms selling the molecule
As the number of values that z can take becomes very large, it becomes cumbersome to
write the relationship between y and z for each value of z. If the outcomes are ordered for
z and if n were small enough, the standard selection correction procedure could be extended
by predicting each value of z with an ordered probit model that has n choices and then using
correction terms from the first-stage to estimate y for each z separately, as in Idson and Feaster
(1990). However, since the number of firms in this sample - and therefore, the number of
values the variable EntryOrder can take on - is very large, estimation in this manner becomes
intractable. Garen (1984) shows the extension of the selectivity bias adjustment from the
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standard binary variable case to the continuous variable case.
The system of equations described in (3.2) can also be approximated by the following spec-
ification:
y = •o + aIX + C2Z + O3 X 2 + C4 Z 2 + 05X.Z + E + O.Z (3.3)
where the deterministic part of (3.3) is simply a second-order approximation of equation (3.2)
and E + O.z is an approximation of the c's from equation(??).
Assume also that the errors compnents ei and ¢i are distributed in the following way:
i N(0, oa) N (, (2)0,2), Cov(C, E) = Eo
The error component in equation (3.3), F + O.z, is clearly not independent of z, inducing
bias in the OLS estimation of this equation. Following the literature on sample selection, a
consistent estimate of the model would involve specifying a selection equation that determines
the firm's choice of order of entry and using information about this choice to correct the mean
of the selected sample.
3.5.2 Choice of Order of Entry
Entry by a firm untio a molecule is modelled as ocurring at the point when its expected profits
are positive. Expected profits, in turn, are determined by both demand-side and supply-side
factors that depend largely on the characteristics of the firm and the characteristics of the
market that it is entering. Once a molecule becomes ready for launch in India, firms that have
greater capability in producing and marketing a specific type of molecule will typically expect
to make higher profits in that molecule and will typically enter the market before others.5
Two variables BigDom and Foreign that were included as determinants of current prices
and revenue are also included as important factors in the order-of-entry decision. At the time a
molecule becomes available to be introduced into the Indian market, the order of entry chosen
5 In thise sense, the approach in this paper does not solve for a particular equilibrium order of entry, so much
as trying to explain the observed equilibrium entry decision as being generated by a series of "supply-side"
constraints faced by firms who are often forced to choose a later order of entry because their current set of
characteristics makes it unprofitable to enter early.
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by firms into that molecule would also be expected to be affected by a firm's previous experience
in the industry. The variable CatExp is constructed by measuring the number of years the firm
was present in that therapeutic category at the time the molecule was first introduced in India.
Another variable that is related to a firm's experience in the industry is OthCatPres, which is
the number of other therapeutic categories in which a firm is present at the time of entry6.Since
higher experience in the industry would allow such firms to make use of its better networks
in the industry, the last two variables would be be expected to facilitate entry. Therefore, we
would expect that higher values of EntryOrder (i.e. later entrants) to be associated with less
experience in the relevant therapeutic category as well as less experience in other therapeutic
categories. Because this effect might be different for older molecules than for newer molecules,
I interact the variable OthCatPres with the variable MolAge. Molecule fixed effects are also
included in the selection equation.
The final selection equation that is estimated is:
Zjm = P + lwjm + •7jm (3.4)
where Wjm are firm-molecule specific variables that affect a firms order of entry into a
molecule and qijm is the error coponent in the firm's entry decision.
A sample selection bias exists because we only the observed outcome yj for firm j, conditional
on the firm having chosen entryorder zj.The conditional mean for the outcome variable is as
follows:
E(y / x, z) = o + ai• + 2z + + a3X2 + ± 4z2 + a 5x.z + E(E + q.z / x, z)
= ao +azlx + a 2Z + a3X2 + a4z 2 + a 5x.z + E(E + q.z / z = o0 + 0 1w + 7)
6Various other similar experience-related variables were used in alternative specifications of the selection
equation. They include the number of pharmacological groups in which a firm was present at the time the
molecule was launched, the number of such groups that belong to the same therapeutic category as the molecule
and in which the firm was present at the time the molecule was launched, the number of years of previous
experience in a pharmacological group to which the molecule belongs. These variables turn out not to be
statistically significant in the selection equation and are therefore left out of the final specification.
= ao + alX + a2Z + a3x 2 a4Z2 + a 5 x.z + E(e + -. z /i 7 = z - 0o - 0 1w)
Unlike, in the binary variable case where the selection model involves the use of a probit
model (or an ordered probit model in the case of a smaller number of decision categories), the
disturbance term is conditional on z being equal to a particular value. Garen (1984) shows that
from the moments of the conditional normal,
Cov(E, r) Cov(0, 77)E(E + i.z / l = z - 0o - 01w) Va( . Var(rq) .l.z (3.5)
Consistent estimation of( 3.3)requires that E(E + ¢.z / rq = z - 0o - •1 w) = O.From(3.5),
we can see that this requires Cov(e, 7r) and Cov(o, rl) to be equal to 0. However, it seems likely
that firm-specific unobservable factors that feature in the entry decision are related to the firm-
specific unobservables that affect its profitability in the long-run. Because of this correlation in
the unobservable factors that affect both optimal order of entry chosen by firms and the prices
and the revenue of firms once it enters, Cov(e, rI) $ 0 and Cov(0, r7) 0 .
Correcting for the endogeneity induced by this correlation between the unobserveables in
the two equations involves estimating the following equation:
y = a0 + a 1x + 2Z + 3 z 2  2 + 5X.Z + Y17 + '2r.z (3.6)
The residuals from the OLS estimation of equation (3.4), il, provide consistent estmates of
r7. Replacing r7 with i; in equation(3.6), we get:
y = •o + al x + 2+CQ2 2 + OZ4Z2 - Oe5X.Z +- _1 ] + .•2.z + 0 (3.7)
where 0 is the new error term that has a mean of 0.
3.6 Results from the Selection Model
The estimation procedure that corrects for sample selection involves estimating the entry deci-
sion, described by (3.4) with OLS and and using the residuals from this regression to correct
for the endogeneity of entry in (3.3).
Table 8 reports results from estimating the selection equation. The final specification three
alternative specifications of the selection equation. EntryOrder is regressed on the variables
BigDomestic, Foreign, CatExp, OthCatPres,and the interaction of OthCatPres with the
variable MolAge. The results show that BigDom and Foreign both pick up negative and
statistically significant coefficients. Since the value of EntryOrder takes higher values for later
entrants this implies that on average, the bigger domestic firms and foreign firms enter molecules
earlier than smaller domestic firms. This is consistent with our knowledge of the industry since
the bigger domestic firms and foreign firms are perceived to leaders in the industry. CatExp
picks up a negative coefficient, implying that greater previous experience in the same therapeutic
category leads firms to enter into molecules earlier. The point estimate on CatExp is -0.26,
which is to be interpreted to mean that when a molecule appears for launch in India, every
additional year of previous experience in the therapeutic category will bump up a firm's entry
order in that molecule by a quarter. Similarly, OthCatPres, which is the total number of other
therapeutic categories in which a firm is present causes earlier entry into a molecule, but this
effect is lower for earlier molecules, as picked up the interaction term.
Table 9 presents the results of the fully interactive model for LogRev, as specified in the
earlier section. Column (1) presents the results without the selection terms. EntryOrder has
a negative sign, while the quadratic term EntryOrder_Sqd has a positive sign. BigDom,
Foreign and PharExp pick up positive and statistically significant signs, with the point esti-
mate of the coefficient on Foreign being higher in value than the coefficient on Bigdom. When
EntryOrder is interacted with Bigdom and Foreign, they pick up negative and statistically
significant coefficients.
The residuals from the estimated selection model are used to compute three sets of the
two selection terms, il and il.EntryOrder.In Column (2) of Table 9. the selection terms are
added from the three alternative specifications of the selection model. Adding the selection
terms reduces the magnitude of coefficient on BigDom in (2) and the coefficient is no longer
significant. The coefficient on Foreign is similarly reduced in magnitude, although it retains its
statistical significance even after the selection terms are added. Of the interaction terms, only
the interaction of EntryOrder with PharExp now remains statistically significant and retains
roughly the same value. The sign of this coefficient is positive and has the implication that for
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later entrants in order terms, greater experience in years in the relevant pharmacological group
has a higher return in revenue terms. This is similar to the interpretation of the interaction
term EntryOrder * EntryYears from Table 4.
The interpretation of the selection terms in column(2) of Table 9 is interesting. The coef-
ficient on 1 is negative and statistically significant while the coefficient on ?.EntryOrder.is of
the opposite sign. This seems to have the interpretation that unexpectedly late entrants (high
's) as predicted by the selection equation in Table 8 has a negative effect on the revenue of a
firm, but this effect becomes less important for later entrants (higher values of EntryOrder).
In terms of the selection story, this means that the unobservable firm-specific variable that drive
later entry has a negative effect on revenue. This is consistent with our interpretation of r7 as
being some unobservable component of the reputation of a firm that translates into lower rev-
enues in the long-run . The inlcusion of the selection terms in column (2) reinforces that effect
of EntryOrder on revenue. The effect of primary interest. the coefficient on EntryOrder is one
and a half times larger in column (2),when the selection terms are included than in column(l),
the specification that does not incorporate selection.
The magnitudes of the coefficients are hard to interpret directly since the presence of the
quadratic terms makes this interpretation dependent on the specific value of EntryOrder. The
results indicate that the direct effect of the order of entry on revenue translates into a 22%
difference in the revenue between the first entrant and the second entrant. For later entrants,
this difference in revenue decreases to 21% between the fifth entrant and the sixth entrant and
decreases further to a difference of 20% in revenue between the tenth and the eleventh entrant.
The direct effect of the order of entry is that the first entrant has a revenue that is 2.3 times
larger than the revenue of the fifth entrant and over 6 times larger than the revenue of the tenth
entrant.
Table 10 reports the results of the fully interactive model for LogPrice and the results are
qualitatively similar both for the variable EntryOrder, and for the selection terms. Unlike in the
revenue regressions, Branded and EntryOrder*Branded have strong positive effects on revenue,
but most of the other interaction terms are not statistically significant.Once again, EntryOrder
has a negative and statistically significant coefficient in columns (1) and (2) of Table 10. However
the quadratic term ceases to be of statistical significance in both specifications. Adding the
selection terms makes the effect of EntryOrder almost twice as strong. The signs of the selction
terms go in the same direction as in Table 9. The interpretation of the coefficients is that the
difference in the price charged per daily dose of a given molecule between each consecutive
entrant is 2%, owing to its order of entry alone.
3.7 Conclusion
The timing of entry is believed to be an important factor in the strategies of firms. Longer
periods in a market with lower levels of competition from other firms helps earlier entrants
to develop a more loyal base of consumers and greater reputation in the market. This is
particularly likely to be the case in the market for pharmaceutical products, where the risk of
consuming an inferior product is higher and where consumers are likely to depend on factors
such as the reputation of a firm to distinguish between the quality of products.
Free entry in the Indian pharmaceutical industry leads to a setting where this greater
credibility associated with earlier movers is not obtained with the help of legal barriers or with
the association of being an real innovator of the product. However, results presented in this
paper show that the order of entry still has a significant effect on the long-term competitiveness
of firms in this industry. Later entrants are found to have lower revenues and prices, even after
accounting for firm and molecule characteristics that play an important role in determining
prices and revenue. The effect of the order of entry play an even stronger role in determining
prices and revenues after accounting for the sample selection bias that arises out of the entry
decisions that are optimally chosen by firms. The results indicate that the direct effect of
the order of entry on revenue translates into a 22% difference in the revenue between the
first entrant and the second entrant. but that this differences decreases marginally for later
consecutive entrants. The direct effect of the order of entry allows the first entrant to earn a
revenue that is 2.3 times larger than the revenue of the fifth entrant and over 6 times larger
than the revenue of the tenth entrant.
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Figure 1: Nested Structure of Pharmaceutical
Products Markets
Therapeutic Classification
(CardioVascular Drugs)
Phar'Group2 (AlphaBl
Indication (Hypertension)
ockers) Phar'Groupl (BetaBlockers)
Molecule 1 Molecule 2(Carvedilol) (Atenolol)
Firmil Firml2 Firm2i Firm,
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Table 1(a):Summary Statistics
Variable
Years
Firm-Molecule Observations
Firms
Total
BigDom
Foreign
Therapeutic Categories
Pharmacological Groups
Molecules
Firm-Phar'Group Combinations
Number
1
2255
203
10
20
5
26
106
1587
Table 1(b): Summary Statistics
Variable Mean Std Dev Min Max
LogRevenue 7.9 2.2 -0.5 13.4
LogPrice 1.8 1.1 -1.4 4.7
Entryorder 20.6 19.1 1 97
EntryYears 4.3 4.4 0 23
MolAge 10.4 6.3 0 23
PharExp 6.9 6 0 34
Branded 0.9 0.2 0 1
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Table 2: Effect of Order of Entry on Revenue,
using Firm and Molecule Characteristics
Dep Var: LogRev (1) (2) (3) (4)
EntryOrder
EntryOrder_Sqd
Bigdom
Foreign
PharExp
Branded
MolAge
Molecule FE
Firm FE
Firm Phar FE
-0.04***
(2e-03)
NO
NO
NO
-0.02***
(2e-03)
0.62***
(0.11)
1.49***
(0.20)
0.10***
(8e-03)
0.95***
(0.183)
-0.0 1*
(7e-03)
NO
NO
NO
-0.09***
(6e-03)
8e-04***
(8 e-05)
NO
NO
NO
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-0.06***
(6e-03)
5.0 e-04***
(8.4e-05)
0.49***
(0.11)
1.40***
(0.19)
0.09***
(8e-03)
0.78***
(0.23)
-0.01*
(7e-03)
NO
NO
NO
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Table 4: Effect of Order of Entry and Time Since Entry on Revenue
Dep Var: LogRev
EntryOrder
Entry Yewrs
EntryOrderSqd
Entry Yers_Sqd
EntryOrder*Entry Years
Molecule FE
Firm FE
Firm Phar FE
(1)
-0.09***
(9e-03)
0.32***
(0.04)
9e-04***
(9-05)
-0.01***
(le-03)
--
YES
YES
NO
(2)
-0.13**
(0.01)
0.15***
(0.05)
le-03***
(le-04)
-3e-03
(3e-03)
7e-03***
(le-03)
YES
YES
NO
(3)
-0.12***
(0.02)
0.18***
(0.07)
le-03***
(2e-04)
-5e-03
(3e-03)
--
YES
NO
YES
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(4)
-0.16**
(0.02)
-4e-03
(0.09)
le-03***
(2e-04)
3e-03
(4e-03)
8e-03***
(2e-03)
YES
NO
YES
Table 5: Effect of 0
using Firm and M
Dep Var: LogPrice (1)
EntryOrder -9e-03***
(le-03)
EntryOrder_Sqd
Bigdom
Foreign
PharExp
Branded
Mol Age
Molecule FE
Firm FE
Firm Phar FE
NO
NO
NO
rder of Entry on Prices,
olecule Characteristics
(2) (3)
-8e-03*** -0.02***
(le-03) (3e-03)
2e-04***
(5e-05)
-0.03
(0.06)
0.71***
(0.11)
0.01**
(4e-03)
0.66***
(0.13)
0.01
(0.004)
NO
NO
NO
NO
NO
NO
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(4)
-0.02***
(3e-03)
2e-04***
(5e-05)
-0.07
(0.06)
0.68***
(0.11)
0.01**
(4e-03)
0.62***
(0.13)
-0.01 ***
(4e-03)
NO
NO
NO
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Table 7: Effect of Order of Entry and Time Since Entry on Prices,
using Fixed Effects
Dep Var: LogPrice (1) (2) (3) (4)
EntryOrder
EntryYecrs
EntryOrder_Sqd
EntryYears_Sqd
-0.01***
(le-03)
0.03***
(8e-03)
3e-05
(2e-05)
-le-03***
(4e-04)
EntryOrder*Entry Years
Molecule FE
Firm FE
Firm Phar FE
YES
YES
NO
-0.01***
(2e-03)
-3e-03
(0.01)
8e-05***
(2e-05)
le-04
(5e-04)
le-03***
(3e-04)
YES
YES
NO
-3e-03
(3e-03)
0.04***
(0.01)
-6e-05*
(3e-05)
-le-03***
(6e-04)
--
YES
NO
YES
-7e-03**
(3e-03)
0.01
(0.01)
2e-05
(4e-05)
-8e-04
(8e-04)
8e-04
(5e-04)
YES
NO
YES
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Table 8: Determinants of Order of Entry
Dep Var: EntryOrder
Bigdom
Foreign
CatExp
OthCatPres
OthCatPres *MolAge
Molecule FE
-7.71"***
(0.85)
-7.30***
(1.45)
-0.26***
(0.06)
-1.81***
(0.48)
0.18***
(0.04)
YES
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Table 9: Effect of Order of Entry on Revenue. Selection Model
Dep Var: LogRev
EntryOrder
EntryOrder_Sqd
Bigdom
Foreign
PharExp
Branded
Bigdom *EntryOrder
Foreign *EntryOrder
PharExp *EntryOrder
Branded*EntryOrder
17
r*EntryOrder
Molecule FE
(1) (2)
-0.14*** -0.22***
(0.01) (0.03)
le-03*** 9e-04***
(le-04) (le-04)
0.98*** 0.36
(0.14) (0.27)
1.71*** 1.23***
(0.31) (0.35)
0.04*** 0.03***
(0.01) (0.01)
0.48 0.41
(0.44) (0.44)
-0.02*** 5e-03
(8e-03) (0.01)
-0.03* -9e-03
(0.01) (0.02)
le-03*** 1e-03***
(3e-04) (3e-04)
9e-03 0.01
(0.01) (0.01)
-- -0.07***
(0.02)
-- 3e-03***
(le-03)
YES YES
112
~"~*--- I I
Table 10: Effect of Order of Entry on Prices, Selection Model
Dep Var: LogPrice
EntryOrder
EntryOrder_Sqd
Bigdom
Foreign
PharExp
Branded
Bigdom *EntryOrder
Foreign *EntryOrder
PharExp *EntryOrder
Branded*EntryOrder
'1
q *EntryOrder
Molecule FE
-(
(
0
(
0
(
(
(
5
(
113
(1) (2)
0.01*** -0.02***
'3e-03) (4e-03)
le-05 3e-06
2e-05) (3e-05)
0.04* -0.04
(0.02) (0.04)
.36*** 0.30***
(0.07) (0.08)
le-03 le-03
2e-03) 2e-03
.27*** 0.26***
(0.10) (0.10)
-2e-03 2e-03
2e-03) (2e-03)
-2e-03 2e-03
4e-03) (4e-03)
-8e-05 -4e-05
1 e-04) (1 e-04)
e-03** 5e-03***
2e-03) (2e-03)
-9e-03 * *
(4e-03)
6e-04***
(le-04)
YES YES
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